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A SYMPOSIUM ON THE CLASSIFICATION AND 
NOMENCLATURE OF GEOLOGIC TIME- 
DIVISIONS. 


THE infelicities which arise from the uncertain use of terms 


in the discussion of geologic time-divisions are more or less 


fully appreciated by every working geologist. The peculiar dif- 


ficulties which the varying and often inconsistent use of terms 
imposes upon the student of geology when he leaves the narrow 
confines of his text-book and tries to use the current literature 
of the science, can only be realized by those teachers who have 
encouraged this broader method of study and conscientiously 
feel responsible for the results. Not every text-book, even, is 
consistent with itself. It is too much to insist that it should be 
consistent with general usage until a consistent general usage is 
established. The importance of a more systematic classification 
of time-divisions and rock-series has been recognized by the 
international congresses of the last two decades. The limited 
results that have been reached by the efforts of these congresses 
seem to indicate that the problem must be worked out by gradual 
approaches through tentative efforts. It perhaps also indicates 
that the problem must be in large part worked out in the great 
provinces or in the individual continents separately as a pre- 
liminary to intercontinental codrdination. Not a few geologists 
who heartily sympathize with the effort to secure more uniform 
and better practice are yet quite unwilling to have a rigid system 
imposed by the vote of a body of so uncertain composition as 
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an international congress. Quite aside from doubts connected 
with such an enacting body, there are those who question whether 
we have reached that stage in the development of interpreta- 
tions and correlations which warrants the formal adoption of a 
universal system of classification and nomenclature. Fully sym- 
pathizing with both these classes, we none the less feel that these 
considerations only emphasize the importance of those prelim- 
inary and tentative efforts through whose agency a satisfactory 
system is to be worked out in time by the method of concerted 
trial and continued rectification. Especially does it seem impor- 
tant to proceed as fast as may be with the evolution of a system 
appropriate to our own continent as a preliminary to the estab- 
lishment of an intercontinental system. 

Certain phases of a system of nomenclature involve little 
more than a choice of terms. To this extent only a consensus 
of preference is needed to inaugurate a common practice which 
shall become conventional. In most cases, however, the choice 
of terms is connected with a choice of ideas, and a consensus is 
less readily reached. Whether a community of preference can 
now be reached or not, it can scarcely be questioned that we 
should work toward such a community, if possible, rather than 
away from it. We appear to have been receding from uniformity, 
rather than approaching it, for the past two decades. The result 
is a disturbed practice and a confusion of terms infelicitous alike 
to geologist, to teacher, and to student. 

The more important phase of the question lies back of the 
selection of terms and relates to the questions: What divisions, 
or what order of divisions, shall be chosen for formal nomencla- 
ture, and upon what criteria shall the divisions be determined ? 


Granting that these questions cannot be answered finally at 


present, or in the near future, it is still urgent to inquire: By the 


use of what system, provisionally adopted for current use, can 
we best work on toward better systems in the future ? 

To draw out opinion on the subject, a series of questions 
was prepared by one of the editors of this JouRNAL (Professor 


Salisbury) and submitted to several American geologists with a 
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view to inaugurating discussion. The questions were made spe- 
cific to invite definiteness in the replies. They were made to 
overlap somewhat to facilitate specific answers to different 
aspects of the subject. It was not intended to specifically advo- 
cate the scheme presented, but merely to submit a tangible 
sketch for discussion. A portion of the replies are printed in 
this number. The discussion of the subject by others who may 


be interested is invited. The questions submitted are as follows: 


1. What classification of time (and terranes), say to the third 
or fourth division, seems to you best adapted to North America ? 
If you are ready to express your opinion concerning such a 
classification to the second division, but not farther, please do so. 

2. To what extent is it desirable to adhere to European 
standards, if some other classification is better adapted to North 
America ? 

3. What noun should be used in connection with the adjec- 
tives Pale@ozoic, Mesozoic, etc., 1° when time is meant, and 2° when 
formations are concerned ? For example, Paleozoic eva? Palxo- 

oic group ? 

4. What noun should be used in connection with the primary 
subdivisions of the Palzozoic such as Cambrian, 1° when time is 
meant, and 2° when formations are concerned? For example, 
Cambrian period ? Cambrian system ? 

5. What is the best noun to be used in connection with divi- 
sions of the third order, such as Lower Cambrian, Middle Cam- 
brian, etc.? For example, Lower Cambrian epoch ? Lower Cam- 
brian formation ? 

6. Ditto for divisions of the fourth order. 

7. Would you approve of the separation of the sub-Carbon- 
iferous and the Permian as divisions codrdinate with the Car- 
boniferous proper, the Devonian, etc. 

8. If you approve of the separation of the sub-Carboniferous 


from the Carboniferous, as a division of the second order, would 





you approve of retaining the name sub-Carboniferous or Lower 


Carboniferous, or would a new name be better, say Mississip- 
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pian? The repetition of terms involved, if the term sub-Car- 
boniferous or Lower Carboniferous and Carboniferous continue 
to be used as now, is so great as to be very confusing to stu- 
dents. Those who have not dealt with students beginning the 
study of historical geology may not be aware of the difficulty 


involved in such a system as the following: 


Carboniferous, 
Permian, 
Carboniferous, 


Sub-Carboniferous. 


9g. Would you approve of the separation of the Cretaceous 
into two divisions coédrdinate with each other, and each codr- 
dinate with such divisions as the Devonian? 

10. If so, would you approve of the retention of the names 


Lower Cretaceous and Upper Cretaceous, or should one of these 


divisions, presumably the Lower, receive a new name, sav 


Comanche ? 
11. How should the Cenozoic be subdivided ? 
12. What is the advantage of the term Canadian, and the 


corresponding Trenton, in the following classification ? 


( Hudson River 
rrenton Utica 
Ordovician - - / Trenton 
\ Chazy 
Canadian > 4 
/ Calciferous 


Why not instead ? 
Hudson River 
Utica 
Ordovician . . lrenton 
Chazy 
Calciferous 


13. Will you express your opinion concerning the following 
outline where the divisions are carried to the second order ? 
Era (for time) Period (for time) 


Group (for rocks System (for rocks) 


Pleistocene 

( Pliocene 
enozoK 
Miocene 


Eocene 
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Mesozoic 


Palzozoic 


Proterozoic 


Azoic 


14. What would you say 


Era 
Period 
E poc h 


Stage 


Cretaceous (Upper) 

Comanche (Lower Cretaceous) 
Jurassic 

Triassic 


Permian 

Carboniferous 

Mississippian (sub-Carboniferous) 
Devonian 

Silurian 

Ordovician 

Cambrian 

Keweenawan 

Upper Huronian 

Lower Huronian 


Archean 


to this plan of classification : 
Group 
- System 
Series 


Formation 


CONTRIBUTION BY JOSEPH LE CONTE. 


I hereby give answers to your questions as briefly 


as possi- 
ble: 

1. I am not prepared to go further than divisions of the 
second order. 

2. European standards, as first in the field, must be followed 
But 
eventually we must have a world standard, at least for divisions 


ot 


as far as possible, but should be modified, if necessary. 


first and second orders. 

3. 1 think — Era and Group are best. 
4. «4 
5. ” Epoch and Series are best. 


6 ‘é sé 


Period and System are best. 


Stage and Formation are best. 
7. (a) Sub-Carboniferous is certainly coérdinate with Car- 
Witness 


the tendency to unite Carboniferous and Permian under Permo- 


boniferous proper, but I do not think that Permian is. 


Carboniferous. 
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(6) But I much doubt that these are coédrdinate with 
Devonian. 

8. ‘* Mississippian ” serves our American purposes well, but, 
if used, ought to be coupled with Lower Carboniferous as syno- 
nym, as you have done. 

g. Cretaceous ought to be divided into two codrdinate 


divisions, but I do not think these are at all codrdinate with 


Triassic, Jurassic, or Devonian. They must be regarded as 


sub-periods. 

10. I think it best, therefore, to retain the names Lower and 
Upper Cretaceous ; but, if a new name is used for the lower 
division, why not call it “ Shasta.” It was certainly first recog- 
nized there. 

11. I amin favor of the fourfold division of Cenozoic you 
propose, although I fully appreciate the reasons for uniting 
Miocene and Pliocene into Neocene. Tertiary and Quaternary 
might well be abolished, as Primary and Secondary have already 
been. 

12. I see no sufficient reason for the names Canadian and 
Trenton as sub-periods. Better divide Ordovician at once into 
epochs, as you suggest. 

13. | like your schedule of divisions of first and second 
orders except as regards the Cretaceous and Carboniferous, as 
already explained. Also, I do not like the term ‘“ Azoic,” 
although not prepared to suggest anything better. 

14. I fully endorse your general plan of classification for 
time and strata. JoserH Le Conre. 


CONTRIBUTION BY G. K. GILBERT. 

So long as historical geology continues to be a living science 
no definite system of nomenclature can hope to be permanent, 
nor even, perhaps, to give temporary satisfaction to a majority 
of geologists. Nevertheless, as intimated by the JoURNAL’s cir- 
cular letter, teachers and geological surveys must have definite 
systems, and so the task of making and remaking them is a sort 


of necessary evil. 
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(Questions 1 and 2.) Though time is universal, faunas and 
histories are more or less local. A refined time scale cannot be 
used to advantage in the correlation of formations widely sepa- 
rated. Therefore, only the major orders of a time classification 
should be treated as universal, and the minor should be recog- 
nized as local. I suggest that the line of discrimination be 
arbitrarily drawn between divisions of the second and third 
ranks, periods and epochs. 

Pursuant to this suggestion, I propose the following auxiliary 
criterion for periods (not replacing but supplementing other 
criteria): Periods should have such magnitude that their applica- 
tion to the correlation of formations anywhere in the northern 
hemisphere will yield areas of certainty which are large as com- 
pared to the unavoidable zones of doubt. 

This criterion is used in the selection of the subjoined scheme 
of periods, but is subordinated to other considerations in the 
admission of Pleistocene and Algonkian. Jurassic and Triassic 


are given separate place despite their broad zones of doubt 


when applied to American terranes, because the breadth of 


those zones is due to dearth of the most important data for 


correlation, marine fossils. 


Periods. 

2. Pleistocene (or Quaternary ). 6. Devonian. 
Tertiary. 5. Silurian. 
Cretaceous. 4. Ordovician. 
Jurassic (or Jura). 3. Cambrian. 
Triassic (or Trias). 2. Algonkian. 
Carboniferous. 1. Archean. 

(3.) Four time-nouns have been used in this rank by various 
authors: Era, age, eon, and time. Time cannot be spared from 
its general sense. Of the others eon alone has a good connota- 
tion for this place; its untechnical meaning always includes long 
duration. 

Group is not well placed in this rank. Prevalent American 


usage, which puts it next above the unit formation, is in harmony 
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with the ordinary meaning of the word,—an aggregate of 
individuals (not an aggregate of aggregates). 

(7.) No. 

(7, 8.) I like Mississippian as the title of an American sub- 
division of the Carboniferous period. There is need of a com- 
plementary, codrdinate, American, geographic name (or names). 

(9. ) No. 

(14.) I prefer: 

Eon - System (or Series). 
Period Series (or System). 
Epoch - - Group. 
Stage (or Age) - Formation. 

(Comment on 5, 8, 10, 13.) The adjectives of space relation, 
Lower and Upper, should not appear in a time scheme. The 
prefixes £o-, Meso- and Neo- (proposed for a somewhat different 
use by Williams) seem appropriate for the indication of indefi- 
nite portions of any time unit. For definite parts separate geo- 
graphic names are preferable. G. K. GILBERT. 


CONTRIBUTION BY WM. BULLOCK CLARK, 


I think that the questions, which you have raised regarding 
the use of terms in geological classification, are most timely. 


If a discussion of the subject can aid in bringing about some 


unanimity in the employment of these terms on the part of 


geologists, you will have performed a great service. 

I am inclined to take the position that, from the very nature 
of the case, a universal system of stratigraphic equivalents can- 
not be employed for the chronologic terms. The chronologic 
divisions, as we all recognize, are at best highly artificial, while 
the stratigraphic divisions are natural and definitely determi- 
nable units. The term “ formation,” for example, has come to be 
rather widely used to embrace deposits formed under approxi- 
mately similar conditions whatever the time element involved, 
and may or may not be separated from overlying or underlying 
formations by an unconformity. 

Accepting the chronologic terms which you have adopted, 
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and which, I think, cannot be improved upon, certainly to the 
third division—viz., era, period, epoch—it may be possible to 
find the formation as the equivalent of a portion or the whole 
of any one of these time divisions, excepting, perhaps, the era. 
To attempt to restrict it, therefore, in all instances to any chron- 
ologic division, large or small, would seem to me unwise. 

Furthermore, I think that a different series of names should 
be applied to the formations and their subdivisions than to the 
time units. I should speak of the Palzozoic era or time, the 
Cambrian period, and the Upper Cambrian, or better, the Neo- 
Cambrian epoch, but of the Potsdam formation or the Shenan- 
doah formation, the latter representing portions of the Lower 
Silurian as well as Upper Cambrian, and affording a good exam- 
ple of the formational unit. I prefer the prefixes Eo-, Meso- and 
Neo- to designate the epochs, as proposed by Williams. I think 
the term Stage more applicable to a division of a formation, 
whether characterized by a distinct fauna or not, than to a time 
unit. 

In reply to your questions seven and eight regarding the later 
divisions of the Palzozoic, | should employ the chronologic 
terms Carboniferous and Permian, the former divided into Upper 
and Lower, or Upper, Middle and Lower Carboniferous, as the 
case might be. To be consistent the terms Eo-, Meso- and Neo- 
Carboniferous should be used. The Upper Carboniferous may 
be represented by Coal Measures made up of one or more forma- 
tions ; the Lower Carboniferous may be represented as in the 
central United States, by the Mississippian, or, as I should prefer, 
the Mississippi Group, made up of various formations. I should 
personally object to the use of the term Mississippian in a 
chronologic sense, unless the period term Carboniferous was to 
be permanently divided and the resultant divisions raised to the 
period rank. The reasons for such change, however, do not 
seem to me to be sufficiently strong. I think the widely 
extended difference in facies represented in the Upper and 
Lower Carboniferous tends greatly to accentuate the two divi- 


sions of this period. 
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These same reasons seem to me to apply equally well to the 
Cretaceous. Although there is a very considerable difference 
between the upper and lower divisions, it does not seem to me 
sufficiently great to warrant their elevation to equal rank with 
Devonian, Carboniferous, etc. I should, therefore, employ 
Comanche in its original sense as a stratigraphic term, and, as 
several formations are clearly recognized within the limits 
assigned to it, | should be inclined to speak of the Comanche 
Group. 

I should prefer to divide the Cenozoic into Eocene, Neocene, 
and Pleistocene as the most widely recognizable time units, 
placing under the earlier term Eocene the subsequently named 
division Oligocene of von Beyrich and uniting Miocene and 
Pliocene into Neocene. 

I can see little advantage in the use of the terms Canadian 
and Trenton, except as group names, to include the Calciferous 
and other formational divisions. 

I prefer the use of Lower Silurian to Ordovician, as I do not 
think the term Silurian of Murchison can with propriety be 
restricted to the Upper Silurian. If the Upper and Lower 
Silurian are to be raised to period position, and Ordovician 
used, I think some other name should be substituted for Silurian. 

Wma. Buttock CLARK. 


CONTRIBUTION BY 5S. W. WILLISTON. 


I am greatly pleased with your attempt to reduce some kind 
of order out of the chaos that has been made in geological 
nomenclature. I think no one but the actual teacher of historical 
geology can appreciate the amount of confusion that now exists 
and the vexation that it causes both teacher and pupil. 

To the first five questions I am not prepared to offer sugges- 
tions except this, that it will make very little difference what 
terms are used for the time and formation, provided there is 
uniformity. I am ready to accept and teach any system that 
receives the approval of writers on these subjects, and is used 


with tolerable fixity and uniformity. 
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7. To this proposition I would desire to enter a vigorous 
protest. Having worked in Kansas, where the Permian is best 
represented in this country, I can see no good grounds whatever 
for distinguishing between two groups in respect to which 
neither the palzontologist nor the stratigraphist can determine 
where the one begins and the other ends. Palzontologically 
there is nothing of sufficient importance to warrant the division 
into primary periods. It is true that, so far as we now know, 
the reptiles began in this time, but every paleontologist con- 
fidently expects that they will be found in the true Carboniferous, 
and in fact they have been found in Kansas in strata that 
are yet in dispute. Knowing less of the sub-Carboniferous, I 
cannot give an opinion here, but 1 do not believe there are 
any better grounds for division than between the Carboniferous 
and the Permian. 

Classification of the time periods of the earth must inevita- 
bly follow the same rules as those applied in the classification 
of animals and plants, which in the end becomes one of conven- 
ience, chiefly. If we increase the number of primary divisions, 
as the tendency seems to be, the number will at last become so 
large that some future classifier will insist upon reuniting many 
of them under new and undesirable names. The chief divisions 
should represent, so far as possible, time periods of equivalent 
importance, and to say that the Permian period is an equivalent 
of the Carboniferous, or the Silurian, is certainly incorrect. Per- 
sonally, 1 would rather see the Trias annexed to the contiguous 
divisions ! 

8. Ishould much prefer to see the name Carboniferous applied 
to the primary division and distinctive names given to the three 
subdivisions. There is a very great, almost intolerable, objection 
to using the name Carboniferous in two senses, or even the Car- 
bonic and Carboniferous. I very much hope that the name Missis- 
sippian may be given to the lowest group, some good distinctive 
term to the intermediate, as Coal Measures, and Permian applied 
to the uppermost. 

9g. For many of the same reasons already given for the 
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as follows: 


Cenozoic, - - Pleistocene, 
Pliocene, 
Miocene, 
Eoc ene, 

Mesozoic, . - Cretaceous, 
Jurassic. 


Triassic. 
Palzozic, - - Carboniferous, 


Devonian, 

Silurian, 

Ordovician, 

Cambrian. 
Eozoic or Proterozoic, 


Azoic. 
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sion, and there are many opposed to it. 


Eocene, Miocene, Pliocene and Pleistocene. 


tions must be widened to include the Pleistocene. 





Permian, I strenuously object to the subdivision of the Cretaceous 
into two primary divisions. Certainly, so far as vertebrate 


paleontology is concerned, there is no good reason for the divi- 


Upper and Lower, for the divisions of the Cretaceous, but would 
willingly see such terms as Platte and Comanche used. 


11. I would prefer to have the Cenozoic divided into the 


the only logical system, unless, perhaps, the Oligocene is added. 
Nevertheless, I see great difficulty in superseding the much used 
Tertiary. Most assuredly there should be no distinction into 
“ Tertiary” and “Quaternary,” and, if Tertiary is used, its limita- 
This will be 
equally hard to do, and for that reason I believe, upon the 
whole, the best way is to drop the term Tertiary entirely. 

14. I am quite ready to use the plan of classification given 
in my teaching and writings, if its use can become at all general. 
Fixity and uniformity are all that I ask for here. 

13. The terms and divisions that I think ought to be 


adopted, so far as I have grounds to base my opinions upon, are 


\ Upper. 
} Lower. 


{ Permian. 
Coal Measures. 
{ Mississippian. 


I have done very little field or laboratory work upon the divi- 


I would rather prefer 


I believe this is 
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sions prior to the Carboniferous and refrain from expressing an 
opinion about them. 

I very much prefer the use of European terms for divisions 
that can be correlated with tolerable exactness; otherwise dis- 
tinctive American terms should be used. 

I sincerely hope that you will bring some order out of what 
has been so confusing to both teacher and student. 


S. W. WILLIsToN. 


CONTRIBUTION BY BAILEY WILLIS. 

Your inquiries of May 5, concerning the use of certain com- 
mon terms in geology and questions of classification, were duly 
received and have been carefully considered. In answering | 
beg to state that I express my personal opinion as determined 
by experience in practical field work and in editorial work on 
geologic maps. 

The following answers are arranged categorically, according 
to the numbers of the questions to which they refer. 

1. Eras, Systems.— Terms to be applied respectively to the 
grand divisions of time and the rocks representing them, as 
determined by the most important events of biologic develop- 
ment. 

Periods, Groups— Arbitrary divisions respectively of time 
and rocks within the eras and systems, designed to afford 
means of approximate designation of the position of any geologic 
record in the time scale. These should be applied consistently 
the world over according to the volume of stratigraphic evidence 
as checked by paleontology, but it does not necessarily follow 
that in North America they designate time divisions precisely 
contemporaneous with those distinguished in other continents. 

Ages, Series. — Terms to be applied respectively to sub- 
divisions of time and rocks less than period and group, but 
including a consistent sequence of biologic or lithologic changes 
without break. An age or series may include parts of two 
periods or groups. 


Epochs, Formations.— Terms applied to designate the time 
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represented by the lithologic unit which may be mapped 
on a given scale and the lithologic unit itself. 

Episodes for time, Lenses and Lentils or Stages for rocks.— 
Terms applied to local lithologic variations or limited 
rock masses which for purposes of discussion need to be 
defined, but are not of sufficient consequence to justify the dis- 
tinction of a separate name. 

I may briefly state my reasons for the above suggestions as 
follows: (1) I associate era and system because the classification 
is based on the broadest natural facts and is therefore systematic. 
(2) I associate group with period because both terms appear to 
me less precise and adapted to the arbitrary character of the 
unit thus classified. The division of time according to a scale 
of periods appears to me equivalent to the division of a column 
of mercury according to a scale of degrees to indicate tempera- 
ture; whether the result be expressed in the arbitrary terms of 
Fahrenheit or Centigrade the fact remains unmodified. The 
simplest scale which will satisfy the needs of world-wide geology 
is to be preferred. (3) I associate age and series as both of 
them indicate a consistent logical sequence of events having 
their beginning and rounding out to an end, as in history we 
have the Elizabethan age and the series of evcnts which character- 
ize it. Age and series are natural divisions as distinguished 
from period and group, which are terms of the arbitrary scale. 
(4) I associate epoch and formation probably rather through 
custom than for any special reason, but I prefer epoch as a time 
designation to stage because the latter has a more concrete 
significance and might with equal aptness be applied to a sub- 
division of rocks. Indeed, if a geologist named to me the 
Medina stage, I should understand that the sandstone was 
referred to rather than the time for which the sandstone stands. 
Furthermore a stage appears to me to represent a temporary or 
very brief condition and to correspond in time with the term 
episode. The necessity for the fifth subdivision, corresponding 
to episode, frequently arises in detailed discussion, and is a 


means of avoiding complexity of nomenclature. Thus if a con- 
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‘glomerate lens appears in the Medina formation it can be 
referred to as the Medina conglomerate lens or episode, without 
burdening the discussion with a new name, which the conglomer- 
ate should receive if it be considered a formation. 

2. To that extent which promotes unity of classification 
without contradiction of fact and no further. In case of doubt 
whether European standards apply to North American facts, it 
is better to adopt a North American standard in accordance 
with the facts. 

3. Palaozoic era, Paleozoic system. 

4. Cambrian period, Cambrian group. 

5. Lower Cambrian age, Lower Cambrian series. 

6. Medina epoch, Medina formation. 

7. No. The multiplication of period divisions does not in my 
judgment tend to the advantage of geologic students. 

8. The absurdity of a double meaning for any term is appar- 
ent. The usage arises from the effort at excessive subdivision 
in terms of periods. 

g. and 10. No. This question has been several times con- 
sidered, and the requirements of the case are adequately met by 
the use of the terms Comanche age and Comanche series. 

11. Pleistocene, Neocene, Eocene. 

12. I should omit Trenton and Canadian as superfluous. 

13. The proposed scheme contains an undesirable number 
of period divisions. The sets of facts and corresponding times 
represented in the scheme by Pliocene, Miocene Comanche, 
Jurassic, Triassic, Permian, Mississippian, and Ordovician | 
should transfer from the list of periods to that of ages, where I 
think they would be adequately represented. 

14. Answered under 1. BAILEY WILLIs. 


CONTRIBUTION BY C. R. KEYES. 

If I understand the questions rightly it would seem more 
logical to attempt to answer the last one first. 

Uniformity of terminology is the great desideratum of work- 


ing geologists. The main drawback to the adoption of any 
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proposed scheme appears to lie in the disinclination of 
most writers to make any distinction between a technical and 
common usage of words. Terms that already have assumed 
special meanings should be used only ina technical sense. For 
expressing ideas in which a restricted meaning is not implied 
there are many common terms. 

In geological classification a dual scheme has come to be so 
universally recognized that it is difficult to imagine that any 
other is possible. Yet, for local successions of strata a single 
set of adjectives suffices to designate both the subdivisions of 
time and those of substance. Hence, with five orders of terms 
to denote the taxonomic rank of the name used—and these 


appear to be all that will ever be useful in practical work 


we have: 
Order For Time. For Rocks. Example. 
3 Era Assemblage. Paleozoic 
2. Period. System. Carboniferous. 
a Epoch. Series. Mississippian. 
4. Episode. Stage. Kaskaskia. 
a Hemera. Zone. Pentremites Godonii. 


The word group, sometimes used for the largest rock 
division, is so thoroughly incorporated in our literature in a dif- 
ferent sense, and is generally so loosely applied, that it seems 
hopeless, and in fact very undesirable, to attempt to give it, at 
this late day, a technical meaning. Moreover, it is far more 
useful now, with its present indefinite application to any selected 
number of beds or subdivisions, than it could possibly be in a 
more restricted sense. Some other title should take its place 
for technical purposes. It makes little difference what it is. Its 
general adoption is the most important feature. Assemblage, 
the name here given, is merely suggestive. It is somewhat 
ponderous, but is expressive of the grand subdivisions. 

Stage is a word associated not with the idea of time, but of 
place. It is, therefore, more properly applicable to the fourth 
structural order, interchangeable, perhaps, with formation. But 


the latter term may be extended without confusion to crystalline 
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masses also. As the stages are based largely upon lithological 
characters and receive local geographic names, the latter are 
followed by such words as limestone, shale, granite, etc., thus 
doing away with the technical title altogether. In general the 
word formation seems to be best retained for use in somewhat 
doubtful cases, where the exact taxonomic rank is questionable, 
but believed to be about of the fourth order; while group refers 
to any of the greater orders. 

The time equivalent of the stage seems best expressed by 
the word episode. The word Time is also appropriate, and it 
more exactly corresponds with the historical usage to represent 
a generation. 

The zone is a useful subdivision of the smallest unit usually 
recognized in this country, The name of its time equivalent is 
Hemera, proposed by Buckland. The zonal classification of 
the Ammonite-bearing beds of the Jurassic is an example. 

Assuming the ultimate aim of every scheme of geological 
chronology to be to provide a means of paralleling stratigraphic 
successions more or less widely separated geographically, a 
practical question arises as to how fara general classification is 
applicable to a given region, and how far the local plan is 
capable of being expanded. 

While the double geological scale is theoretically every- 
where balanced, in practice the time element is given precedence 
at the more general end of the scheme, and the rock element at 
the more specific or local extremity. In the present state of 
our knowledge general correlation farther than series is beset 
by many and grave difficulties, and it is doubtful whether it is 
feasible to extend it beyond. 

So far as concerns the first two orders enumerated in the 
plan already given, it seems desirable, for the present, to retain 
the names generally applied to the different “groups,” even 
though they are largely European in origin and are not exactly 
expressive of the real conditions in North America. They are 
so thoroughly part and parcel of our literature that it would be 


revolutionary to supplant them. It is better to modify their 
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meanings somewhat, rather than discard them altogether. 
Besides they have entirely lost their local original significance. 
They are now abstract terms. In this country the data will 
soon be at hand for the construction of an entirely new chrono- 
logical plan, having a purely physical basis, the biological 
criteria being ignored altogether. 

In the third order there is an overlapping of general and 
local criteria. To express the time factor the words Early, Mid- 
or Middle, and Late appear appropriate; as Early Cretaceous. 
The simple Anglo-Saxon names are much more preferable than 
the long barbarisms, produced by the Greek prefixes Eo, Meso 
and Neo. Simplicity of terminology should be a cardinal prin- 
ciple if geological science is ever to receive the popular atten- 
tion it deserves. For the rock scale, Lower, Median or Middle, 
and Upper are useful terms to indicate ina general way the cor- 
responding subdivisions ; as Lower Cambrian, Lower Carbonifer- 
ous. Or, the latter titles may be used in a somewhat indefinite 
way, when the exact stratigraphic limits are yet unknown. 

Here the local succession begins to assume importance and 
the general time factor to lose it. Each geological province 
has its own sequence of strata. A provincial geographic name 
is desirable, if possible with an adjective ending. Thus, we have 
for the Lower Carboniferous in the Mississippi province, the 
Mississippian series; in the Appalachian province the Poconon 
series, possibly; in the Great Basin province the Aubreyan 
series, perhaps. The number of series is thus not fixed for any 
system, as locally represented, nor for different localities. Yet 
the epoch of all is definite. The time may come when it is 
desirable to have some special name to cover all the provincial 
series of approximately the same age, but the condition of our 
knowledge does not yet warrant it. It is doubtful whether it 
would be any improvement on the simple Lower, Middle and 
Upper. 

An ideal feature of geological nomenclature is uniformity 
of endings for all terms of equal taxonomic rank. With those 


of the first order this method already prevails. In the case of 
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those of the second order a variety of different terminations exist ; 
but it is probably not advisable now to change them. How- 
ever, these names are so few in number that they are not liable 
to cause confusion. The provincial titles of the third order are 
n large part yet to be proposed. For all these an appropriate 
original or provincial name is suggested, with the ending azn, 
if possible. This leaves the countless horde of formations, or 
stages, the usual units of geological mapping, the distinguish- 
ing characters of which are based chiefly upon lithology, a clear 
field for unchanged, local, geographic honors. The zones are 
named from their leading fossils. 

Our information regarding the geological subdivisions is so 
inequally distributed that at best a very unsymmetrical classifi- 
ation must be endured for the present. The following seems 


to be the most acceptable scheme for North America: 


2. Period. Epoch, 
- { Late or Recent. 
( Pleistocene. ; Sete 
Cenozoic. / Neocene. ( _ 
/ Eocene 
( Cretaceous. 
Me sozoic. ? 
? 
Late 
Carboniferous. 4 Mid. » For all. 
Devonian. { Early. 
Palzozoic. Silurian. 
Ordovician. 
Cambrian. 
( Keweenawan 
Proterozoic < Huronian? 
/ Laurentian? or new name. 
Azoic Archean. 


For purposes of instruction the provincial scheme for rocks 
for the special region studied may serve as a standard. 

It is desirable to adhere to European standards, or the 
present American standards as derived from Europe, as closely 
as possible until our present knowledge expands sufficiently to 
enable us to gradually erect new and more rational standards. 


The first and second orders should be as closely equivalent as 
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possible, and with the same names for both continents, and for 
the whole world. It is better to have everywhere the same 
terminology with approximate parallelism in meaning than dif- 
ferent names and no means of unconscious comparison. 

At the present time no series are formally recognized in the 
Devonian. The system is doubtless as well differentiated in 
this respect as the Carboniferous. 

It is exceedingly doubtful whether the term Permian should 
be permitted to hold a place in American geological literature 
or classification. The original Permian is perhaps applied to a 


provincial series, taxonomically of the same rank as Mississip- 


pian. In America the so-called Permian is also a series and 


actually a subdivision of the Carboniferous. The same is true 
of the so-called sub-Carboniferous. It follows that neither 
should be coérdinated with the Devonian. 

The use of the term sub-Carboniferous in American geology 
is very unfortunate. As originally proposed, and as used for a 
long time afterwards, it referred to an indefinite sequence of 
strata extending downward from the ‘‘Coal Measures” even as 
faras the Trenton. As more recently used the subdivision so 
called would be better designated the Lower Carboniferous, the 
serial rank being understood, Mississippian being regarded as the 
equivalent provincial title as explained above. Neither Car- 
boniferous nor any other unqualified term should be used for 
both system and series, or any two subdivisions of different 
taxonomic rank. 

Canadian seems wholly out of place in the sense used unless 
it can be modified so as to denote a series. The use of Trenton 
in two different senses should be discontinued. It appears 
unnecessary to retain the word river in connection with Hudson 
—even though it has been widely used. And similar double 


geographic names are to be avoided. 
CONTRIBUTION OF SAMUEL CALVIN. 


Referring to your inquiries relative to the classification of 
time and terranes best adapted to North American geology, I 
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would say that I am disposed to be very conservative and would 
like to see as little disturbance as possible of terms that have 
met with somewhat general acceptance. The terms, Group, System, 
Sertes, Stage, and the correlative time-divisions, Era, Period, 
Epoch, Age, are to my mind very satisfactory. Of course any 
other terms would answer equally well provided geologists were 
agreed to use them. What we need to do, as it seems to me, is 
to adopt in this case the method that is in most general use, and 
by extending the use of it to make it more and more general 
until it becomes universally adopted. I would not like to see 
the term Formation used in place of Stage, and this simply for the 
reason that Formation is now in use as a loose, general term. 
Such a term is very much needed, and any attempt to change 
Formation from a loose to a precise term would be attended with 
great confusion. Heaven knows we have confusion enough now 
to contend with. 

It does not seem to me to do any harm to leave the Lower 
Carboniferous or Mississippian as a division of the Carboniferous. 
rhe use of the term Mississippian would be an advantage ; and 
the arrangement I would prefer, simply as a result of my attitude 
of conservatism, would give Mississippian the same rank as 
Corniferous, Hamilton and Chemung in the stratigraphy of the 
Devonian. 

The greater part of the assemblage of strata called Permian 
by Prosser and the geologists of Kansas University contains pre- 
cisely the same fauna as our Missourian or Upper Coal Measures, 
ind if there is no better excuse for recognizing Permian in 
\merica than that afforded by the beds in question, then America 
has no Permian. At all events if these strata are Permian then 
the Permian cannot be separated from the Carboniferous. <A 
large percentage of the so-called Permian fauna occurs in the 
coal-bearing strata of Indiana, Illinois and Iowa, that is, the fauna 
ictually begins in what we call in lowa the Des Moines stage, or 
Lower Coal Measures. Personally I see no good reason for 
recognizing Permian in America, but if we must in order to keep 


up with Europe, then the Permian must rank as a subdivision of 
| | 
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the Carboniferous. We might therefore arrange the Carbonifer- 


ous in some such way as this: 


Permian 


Pennsylvanian 
Missourian. 


or 
Coal Measures Des Moines. 


Carboniferous eevee Kaskaskia 

asSnRaD a. 

Mississippian 

Saint Louis. 
or 


. Osage or Augusta. 
Lower Carboniferous —— sie 


Kinderhook. 


9. I would prefer to leave the Cretaceous undivided, being 
I 


governed in this choice simply by the conservative desire to leave 


things undisturbed. The literature of the Mesozoic is based on 
the division into the Triassic, Jurassic and Cretaceous, and any 
change will require a long period of adjustment and will involve 
endless confusion. It is much easier, and just as convenient to 
let the Cretaceous stand as a single system and divide it into a 


Lower (Comanche ?) and an Upper (unnamed) series. 


Denver. 


Laramie. 
Upper Cretaceous 


(Black Hills series) 


Montana 


Colorado. 
Cretaceous System 
Dakota. 
Washita 
Lower Cretaceous 


« é 4 
Fredericksburg © any other 


(Comanche series) |; arrangement. 
lrinity 


The whole of the Upper Cretaceous, excepting the Laramie 
and Denver, is well developed around the flanks of the Black 
Hills. 

We can retain the established names in the Cenozoic and 


adapt our nomenclature with perfect ease to the old arrangement 
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by adopting appropriate stage names. We shall here need two 


sets of stage names, one for the marine Tertiary and the other 
for the fresh-water Tertiary deposits. 
Recent. 
Pleistocene bie 
Glacial. 


Cenozoic Group. .... 2. cceesees a 
scene. 


Tertiary Miocene. 


Eocene. 


12. There is some advantage in retaining the terms Canadian 
and Trenton as names of series in the Ordovician. The faunas 
of the Trenton limestone, the Utica and Hudson River shales are 
very intimately related, and that relation should be indicated by 
grouping the three together as stages of a single series. The 
Calciferous and Chazy should similarly be grouped into one 
series. 

I believe if you have patience to read all this that you will 
see how | would stand with reference to the several questions in 
your circular letter. Any classification is arbitrary at best. <A 
dozen or more equally good schemes might be proposed, but we 
should adopt and strengthen as far as possible that which is in 
most general use, notwithstanding the fact that it might be 


improved in many respects. SAMUEL CALVIN. 





PROBABLE STRATIGRAPHICAL EQUIVALENTS OF 
THE COAL MEASURES OF ARKANSAS. 


One of the most striking features connected with the coal 
field of the western interior basin is the enormous thickness 
which the productive Coal Measures appear to attain in the 
southern part of the area as compared with the northern and 
larger portion. From the Minnesota line, southward through 
Iowa and Missouri, to northwestern Arkansas—a distance of 
more than 500 miles—the principal coal-bearing series retains a 
thickness of not more than 500 to 600 feet. Cretaceous and Terti- 
ary beveling and planing, as well as later erosion, have of course 
thinned out the beds to a feather-edge towards the east. Pass- 
ing into Arkansas the formation rapidly becomes thicker until 
it has a vertical measurement of more than thrice that to the 
north. According to Branner’s’ latest estimate the ‘‘Coal Meas- 
ures”’ of that region are over 2400 feet thick. 

In the various comments upon this great thickness which 
the Carboniferous rocks above the Mississippian series at once 
assume on passing to the south side of the Boston mountains, 
into the Arkansas valley, no hint has been given as to the prob- 
able conditions that produced such a remarkable phenomenon. 

One thing that has tended to greatly obscure the real facts 
has been the assumption that the old Algonkian and old 
Cambrian or Silurian areas of the Ozark region formed, during 
all Palaeozoic times, a large island in the shallow continental sea. 
The evidence, as recently set forth, seems indisputable that not 
only did no “Ozark Isle” exist during late Palzozoic time, but 
that the present dome-shaped, island-like character of the region, 


with the central old rocks, and the concentric belts of newer 


deposits around, was not acquired until Tertiary times. Further- 


more, there is every reason to believe that the Carboniferous 
‘Am. Jour. Sci., (4), Vol. II, p. 235, 1896. 
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strata once extended unbrokenly over the whole area now 
occupied by the uplift, and that they were removed through 
erosion. 

Asalready remarked the great thickening of the Coal Measures 
begins to make itself apparent immediately south of the Boston 
mountains; north of this range the stratigraphy has been more or 
less clearly understood. The two main subdivisions are clearly 
defined over all of the northern region. There they represent 
a lower, or coastal facies and an upper, or marine phase. The 
plane separating them is the base of the first thick limestone 
above the Mississippian series. This formation is now called the 
Bethany limestone. It is a marked and persistent feature of 
surface relief from north-central Iowa, where it emerges from 
beneath the Cretaceous, southward through northwestern Mis- 


souri, and southeastern Kansas, to the Indian Territory line, 


beyond which it has not been traced in detail, although at that 


point it still continues to be an important and easily recogniz- 
able ridge.’ 

Regarding the southern part of the coal field much has been 
written, but it has only been very lately that definite data have 
been given, that enables comparisons with the northern districts 
to be made. The facts recently published have a special impor- 
tance at this time for the reason that they strongly support cer- 
tain views concerning the physical conditions, the existence of 
which have been, for some time, suspected, and enable several 
statements to be formulated regarding the character of Carbon- 
iferous deposition in the region. The data particularly referred 
to are contained ina paper by J. P. Smith’? on the “ Marine 
Fossils from the Coal Measures of Arkansas.’’ While the facts 
therein presented are not nearly as complete as is to be desired, 
they nevertheless appear sufficient, when taken in connection 
with information derived from other sources, to permit several 
pregnant deductions to be made. 

One of the most noticeable features of the Carboniferous 

‘Am. Jour. Sci., (4), Vol. Il, pp. 222-225, 1896. 


Proc. American Philos. Soc., Vol. XXXV, pp. 213 5, 1896. 
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deposits of Arkansas, and especially those of the western part 
of the state, is the prevalence of sandstones and shales above 


the strata of the Augusta stage (Boone chert) of the Mississip- 


pian. There are, however, in the region occupied by the Boston 


mountains, two limestones of unusual thickness which lie at 
levels considerably above the Augusta beds. These have been 
called" the Archimedes and Pentremital limestones. They are 
separated from each other by 40 to 75 feet of shale. The inter- 
val between the first mentioned and the limestones beneath is 
about 200 feet and is occupied by shales and sandstones. The 
Pentremital limestone may be taken, with but little doubt, 
as corresponding to the Kaskaskia limestone of western Illinois. 
Its stratigraphical, lithological and faunal characters all agree 
inthis respect.*. There do not appear to be any indications of 
a plane of unconformity at the top of this heavy Pentremital for- 
mation, as there isat the summit of an equivalent stratum along the 
Mississippi River. The Arkansas sequence of the Carboniferous 
seems unbroken and undisturbed from base totop. The Pentre- 
mital limestone may be therefore regarded as the uppermost 
member of the Mississippian of the region, and the overlying 
coal-bearing shales as the basal portion of the Coal Measures, or 
Des Moines series, of the more northern localities. 

In regard to the upper limits of the Arkansas valley Coal 
Measures, or of any definitely determinable horizon in the great 
succession, there are not yet at hand any very critical data. The 
lately issued notes of Smith on the fossils collected in the region 
by the members of the Arkansas Geological Survey give the 
first tangible facts that have been obtained, and by which any 
comparison whatever can be made with the better known region 
north of the Boston mountains. 

All who have worked in the Arkansas valley agree in 
assigning a very great thickness to the Coal Measures of that 
region. This is readily inferred from the writings of Chance,‘ 

Simonps, Arkansas Geol. Surv., Ann. Rept. 1888, Vol. II, p. 26, 1891. 

American Geologist, Vol. XVI, pp. 86-91, 1895. 3 Loc. cit. 


‘Trans. American Inst. Min. Eng., Vol. XVIII, pp. 653-661, 1890. 
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the total 





and others. 





Winslow,’ Stevenson,? Branner? While 


thickness of the Coal Measures is doubtless somewhat over- 





estimated by these authors, it is manifest that the formation is 
very thick —several times as great as it is farther northward. 

The subdivisions of the Arkansas Coal Measures that have 
been recognized have not always been the same. In several 
instances they have been quite different. The classifications have 
been either noncommittal as to exact correlation with other 
regions, or they have been very general. The members dis- 
tinguished have been largely for convenience in local field work. 
The tendency has been, however, to regard the Coal Measures of 
this region as about equivalent to the Coal Measures (‘ upper and 
lower divisions’’) of other districts north and east, with the 
intimation, in the later notes, that the so-called Permian of the 
western part of the Mississippi basin, may be present to some 
extent, as for example on Poteau mountain. In the latest con- 
tribution to the subject by Smith,* the ‘Upper Coal Measures’ 
and the “* Lower Coal Measures ”’ of the Arkansas valley are paral- 
leled with the similarly named formations of the Missouri region. 
The Poteau mountain beds are included. The conclusion is that 
“there is not sufficient reason for classing the Poteau moun- 
tain beds with the Permian, but their fauna, as well as strati- 
graphic position, place them very high in the Coal Measures, 
since they are like the fauna and position of the Mississippi valley 
Upper Coal Measures. These beds derive an additional interest 
from the fact that on Poteau mountain 1000 feet of shale, in 
which no fossils were sought for, lie above the thin layer from 
which the entire collection was taken ; ‘thus the chance of find- 
ing true Permian beds in that region are very good.” From 
this it will be seen at once that the Arkansas section is regarded 
as representing the Des Moines and Missourian series of Missouri 
and Kansas, as embraced between the Mississippian limestones 

* Bull. Geol. Soc. America, Vol. II, pp. 225-242, 1891. 

? Trans. New York Acad. Sci., Vol. XV, pp. 50-61, 1895. 

}Am. Jour. Sci., (4), Vol. II, p. 235, 1896. 


4 Loc. cit. 
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and the Cottonwood limestone of the central part of the last 
mentioned state. 

A careful comparison of the species of fossils that are con- 
sidered by Smith from the “Upper Coal Measures” with those 
from the Upper and Lower Coal Measures of other parts of the 
Western Interior basin brings out the fact that the Arkansas 
fauna not only does not necessarily indicate a ‘very high” 
position in the Upper Coal Measures of the zone containing it, 
but that it may be, and probably is, very low. Judging from the 
fauna alone, and as a whole, according to the palzontological 
standard of its nearest and most closely related districts —the 
Missouri-Kansas province, with which it is properly compared 
the indications are that the age of the strata yielding it is not 
that of the “Upper Coal Measures” at all, but of the “ lower 
division’’—that is, of the Des Moines series of the more north- 
ern localities. 

All of the Arkansas species, with very few exceptions, are, in 
Iowa, Missouri and Kansas, the most widely distributed forms. 
Most of them range from the base to the top of the Des Moines 
series, and continue on upwards. Inthe lower series the marine 
beds are almost wholly absent, only a few thin limestones being 
present in the whole succession. Nevertheless the same species 
that are found in Arkansas occur abundantly not only in the 
thin limestone layers, which are rarely more than a few inches 
in thickness, but also in the calcareous shales, and, in less num- 
bers even in the bituminous shales. 

Of the corals listed from Arkansas only one form has a 
range that is unusually “ high” in the northern succession; all 
of the others start almost from the very base of the series. The 
crinoids and bryozoans are all common in the Lower Coal Meas- 
ures. All fourteen species ot brachiopods are of very frequent 
occurence in the lower coal division, many commencing down 
in the Mississippian. One possible exception is Terebratula 
bovidens, which at present appears to be absent from some of 
the lower Des Moines beds. Of the lamellibranchs, all twenty- 


two species are the most characteristic forms of the very base 
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of the Missourian; one-half of the number are found lower 
down, and no less than seven are typical Des Moines forms, in 
fact having an optimum habitat not in the marine beds but in the 
bituminous shales. The seven species of glossophora that are 
enumerated are the most abundant forms of the Lower Coal 
Measures throughout the northern district, and they are pre- 
eminently the characteristic fossils of the black shales every- 
where. Among the ten cephalopods named, no less than five 
are of common occurrence in the Des Moines beds, and not 
infrequently they are found in the black shales ; the other five, 
so far as known, range low in the Missourian. 

If the faunal evidence, as recently presented, is to be relied 
upon at all, it would appear that there are no grounds for believ- 
ing that there are necessarily present in the deposits of the 
\rkansas valley region any strata higher than the base of the 
Missourian series of Missouri and Kansas. 

There is, however, another reason for believing that no part 
of the Missourian series, or its equivalent, exists in Arkansas. 
rhe general stratigraphy as far as it is now understood, gives 
not only no indication of the Missourian beds being repre- 
sented in the region, but points almost conclusively to their 
absence. 

The broad belt of lowland, lying below the contour of 
1000 feet, and between the Ozark uplift and the elevated 
region of the Great Plains, extends from the Missouri river 
southwestwardly into Indian Territory and then eastwardly 
through the Arkansas valley to the savannas of the Missis- 
sippi embayment. This lowland is occupied chiefly by shales 
which have relatively much less resistant powers to erosion 
than the limestones on either side of the belt. In Missouri the 
subdivisions of the Coal Measures, both ‘‘ Upper” and “ Lower,” 
have been clearly made out. In Kansas Haworth’ has traced 
the same divisions to the Indian Territory line, so that down 
to the juncture of the great lowland valley and that of the 
Arkansas, the surface distribution of the several formations of 


* Univ. Geol. Surv. Kansas, Vol. I, 1896. 
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the Carboniferous is well known. In Indian Territory the infor- 
mation is not yet as full as would be desirable. Still there are 
enough facts at hand to indicate the general features of the 
main subdivisions, or series. The Missourian, or more strictly 
marine series, composed of important limestones, does not 
appear to extend down the Arkansas valley into Arkansas, nor 
to change very much in lithological character. The Paw- 
huski limestone in eastern Oklahoma, regarded by Smith" as 
representing the same horizon of ‘* Upper Coal Measures” farther 
east, certainly cannot be stratigraphically equivalent to any 
part of the Coal Measures that exist in the same latitude in 
Indian Territory. While it is not yet known with certainty just 
what its exact equivalent is, it is quite probable that it is the 
southern extension of what is termed the lola limestone in the 
region to the north. If this is the case, the position of the 
limestone exposed in the quarries at Pawhuski is very near the 
base of the Missourian, or “ Upper Coal Measures.”’ 

If, as now appears probable, the enormously thick Coal 
Measures of the Arkansas valley are practically the exact equiva- 
lents of only the lower division, or the Des Moines series of the 
region farther north, instead of representing the entire interval 
between the Mississippian and the so-called Permian (Okla 
homan),or that part of the Carboniferous above the Cottonwood 
limestone in Kansas and Oklahoma, the explanation of the great 
increase in the thickness southward, would seem still more diffi- 
cult. There have been, however, a number of new facts recently 
brought out regarding the diastatic changes that have taken 
place in the Ozark region, and some of these have a direct bear- 
ing upon the question under consideration. 

It has been lately shown? that during the Kaskaskia, or 
closing epoch of early Carboniferous times in the Mississippi 
valley, there was a series of rapid changes in the relations of 
land and sea. At the beginning of the Kaskaskia the shore 
line had moved southward 400 to 500 miles at least from the 

* Proc. Amer. Philos. Soc., Vol. XXXV, p. 230, 1896. 


* Bull. Geol. Soc. America, Vol. III, p. 296, 1892. 
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latitude it occupied during the St. Louis, or approximately to 
the latitude of the present mouth of the Missouri River. This 
ermitted erosion of the land surface north of this point ; and 
mmediately south of it the disposition of coarse sediments, 
»vering the other marine beds of the Mississippian. Marine 

posits of the later Kaskaskia, were again laid down over the 
oastal deposits cf the same region. With a further recession 
f the sea some of the territory occupied by Kaskaskia rocks 
vas also made land and was subjected to erosion. According 
to the recent suggestions of Marbut’ the shore line at this time, 
vhen it had traveled farthest to the southward, coincided very 
nearly with the present crest of the Ozark uplift, that extends 
ilong a line drawn from Iron Mountain to the southwest corner 
f the state of Missouri. 

It is now a well-established fact that everywhere to the north 
‘f the present Ozark crest profound erosion took place between 
the time when the St. Louis limestone was deposited and that 
when the Coal Measures were formed. Moreover, the effect of 
this land degradation must have left the country very much in 
the condition of a peneplane, for the old land surface is a rather 
ven one, with no marked contrasts of relief. It beveled the 
previously slightly tilted strata, for the Coal Measures rest on the 
rocks of all ages from the Silurian to the top of the Lower 
Carboniferous. This stratigraphic hiatus, represented by the 
plane of unconformity at the base of the northern Coal Measures, 
manifestly indicates an episode in the physical history of the 
region, the importance of which has been heretofore little appre- 
ciated. 

In the southerly retreat of the sea during the close of 
Lower Carboniferous time, there was, of course, a point beyond 
which the shore line did not advance. Beyond this point, sea- 
wardly, deposition went on uninterruptedly, the succession of 


beds was continuous, and the layers were conformable through- 





out the Carboniferous system. Such conditions appear to have 
prevailed in the region of southern Missouri and northern 


* Missouri Geol. Surv., Vol. X, p. 82, 1896. 
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Arkansas. South of the Ozark crest, if the inferences already 
drawn are to be relied upon, deposition was continuous, not only 


through the Lower Carboniferous period, but also during the 














Fic. 1 Ideal Conditions of Sedimentation. 


interval when the region farther north was a land surface being 
rapidly eroded. As shown elsewhere,* the present Ozark dome 
had, of course, not begun to bow up. It was not a large island 


during the Carboniferous, as has been generally regarded. The 











Fic. 2.— Cross Section of Mississippi Basin—Minnesota to Arkansas. 


products of land degradation were, without doubt, dumped into 
the adjoining seas, just as the sediments of the present continent 
are being carried into the ocean to form the thick fringe of 
coarse shore deposits. 

In general, the deposition of coarse sediments along the 
coast must have been represented by degradation on land. This 
phenomenon may be shown by the subjoined sketch (Fig. 1), in 
which a is the original shore line; 6, the land surface; c, the 


sediments removed and transported from the eroded parts of the 





strata d, d, which had been subjected to deformation since their 


formation. Identically the same conditions obtained in the case 


* Missouri Geol. Surv., Vol. VIII, p. 352, 1895. 
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of the Carboniferous deposits of the Continental Interior. It is 
ilso representative of the conditions existing at the present day 
on the Gulf coast, and is typical of sedimentation generally. 

A diagrammatic cross-section, north and south, from Minne- 
sota to central Arkansas, and representing the relations of the 
Carboniferous deposits of the region, is given in Fig. 2. 


The true marine beds of the Missourian series, or ‘“ Upper 


Coal Measures,” may have extended, and probably did stretch 


out over a considerable part, and possibly all, of the region; 
but erosion, since Carboniferous times, has removed all traces 
of these deposits. 

CHARLES R. KEYEs. 








ON THE ORIGIN OF CERTAIN SILICEOUS ROCKS. 


I. NOTES ON ARKANSAS NOVACULITE, 


AN examination of the residues of specimens representing 
both the Ouachita and Arkansas (commercial) types of novac- 
ulite confirms Griswold’s observations and conclusions made 
on thin sections. Ground in an agate or porcelain mortar, the 
greater part of the rock is easily reduced to a fine slime that 
readily floats away in water. A considerable portion, however, 
consists of granules which, though made up of fine grains, 
require considerable rubbing to reduce them to slime. Even 
when, in the final stages of the grinding, a soft pestle is 
employed to avoid breaking up the grains of quartz and other 
minerals, a considerable number of the aggregated granules 
remain, thus showing a strong cohesion of the constituent grains. 

The amount of quartz in simple grains that can be positively 
identified by the polarization colors is not large, and for the 
most part is not distinctly detrital. Such grains are frequently 
enclosed in the composite ones or have composite silica adhering 
to them, and often appear to be more completely developed 
individuals of the aggregated grains. In many Cases, however, 
they appear to be detrital grains with adherent secondary silica. 
Unmistakable detrital grains are represented by numerous 
zircons and rare fragments of tourmaline and garnet.' These 
are exceedingly fine, and both in character and amount seem to 
confirm Griswold’s conclusion that the deposit took place in 
still and comparatively deep water into which only a small 
amount of very fine detritus would be floated. 

The great bulk of the silica of these rocks appears to be 
secondary, and to account for its peculiarities the replacement 


hypothesis of Rutley seems to offer less difficulty than that of 


Wichmann found garnets in the novaculites of the Marquette, Mich., district in 
1879. Q. J. Geol Soc., Vol. XXNXV, 1879, pp. 156-164, J. C. Branner. 
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an originally siliceous sediment of Griswold. The latter must 
either have been chemical, which Griswold expressly rejects, 
ind apparently very properly, or composed of very fine granular 
juartz. In the latter case the granules, however fine, have been 
still further granulated, a species of metamorphism which has 
ipparently not been observed elsewhere, and which is difficult 
to conceive. The metamorphism, if there had been any, would 
rather be expected to be in the direction of larger and well- 
defined grains of quartz, such as were noted in some of Griswold’s 
slides (No. 14).* The latter slide seems to be a case of replace- 
ment according to Rutley’s hypothesis ‘‘ caught in the act.” It 
may be suspected that in a larger suite, especially of non- 
ommercial stones, other such cases might be found. 

Griswold’s explanation of the cavities seems also to point in 
the direction of a replacement, and can be reconciled with 
Rutley’s hypothesis on the supposition, which does not seem 
difficult, that part of the original calcareous sediment may have 

rystallized (not necessarily as dolomite) and thus have offered 
greater resistance to the replacement. 

The description of the beds also is suggestive of original 
limestones with cherty layers and nodules. Two of the speci- 
mens sent appear to me to represent such cherts, though I should 
not call them metamorphosed. 

The question of the state of the silica seems to me to be one 
of quite secondary importance, as in the case of silicified wood 
replacement silica is met with in all states, and often with 
an appearance of a passage to the state of quartz after the 
replacement. 

Viewing the question from a distance, and ona very insuf- 
ficient basis, it seems probable that if Mr. Griswold had taken 
into consideration the hypothesis of a replacement of calcareous 
sediments, he would, perhaps, have found much more in its 
favor than either Rutley or I could see. 

For the study of crucial points, ‘‘non-commercial ”’ rock will 

*Whetstones and the Novaculites of Arkansas. By L.S.GRISWOLD. Ann. Rep. 


Geol. Surv. Ark. for 1890, III, p. 128. 
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probably be often better than the ‘“‘ commercial,” and the prepara 
tion and examination of residues more rapid and satisfactory 


than that of microscopic sections. 
OrvILLE A. DERBy. 


SAO PAUuLo, Brazil, April 6, 1898. 


II. ON THE ORIGIN OF NOVACULITES AND RELATED ROCKS. 

The preceding part of this paper was recently received by 
me from Professor O. A. Derby as embodying the results of his 
examination of novaculites by a method hitherto not employed 
with those rocks. It should be added that in a former letter he 
sent me the results of a study by this same method of an impure 
cherty Carboniferous limestone from Tieté, Sao Paulo. In this 
limestone he found by crushing and washing, rolled quartz, 
zircon, rutile, garnet, tourmaline, etc. 

[hese notes I have taken the liberty to publish without con- 
sulting Professor Derby in order that the results of his work 
may become available for others who may study this interesting 


and important group of rocks. 


It is remarkable that so many different views have been held 
regarding the origin of novaculites and of the closely related 
highly siliceous rocks known as jaspilites and sometimes as 
jaspers, siliceous shales, etc. 

The following theories have been advanced to explain the 
origin of these rocks: 

Foster and Whitney seem to have regarded the jaspers of 
Michigan* as segregations of eruptive origin. Owen considered 
the Arkansas novaculites as metamorphosed sandstone. 

Kimball believed the Marquette iron ores and their associated 


jaspers to be metamorphic rocks of sedimentary origin, presum- 





ably mechanical. 


«Ge gy and Topography of the Lake Superior Land District. Pt. I rhe 
Iron Region, pp. 67-69, I851. 
7Second Ge Surv. Ark., pp. 23, 25, 1860 


Am. Jour. Sci., Vol. XXXLX, p. 303, 1865. 
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Crosby thinks some of the jaspers and quartzites are the 
siliceous oozes of the deep sea, that is, that they are of organic 
origin.” 

Wadsworth at first believed in an eruptive origin for the 
ispilites.* This view he modified later. 

Julien believes in the mechanical sedimentary origin of the 
isper iron ores of the Marquette region, and it is to be pre- 
umed that he considers the jaspers mechanical sediments also.3 

Irving concluded that the jaspers were formed by silica 
replacing dolomite or calcite. 

Reyer thinks the sediments associated with the iron ores of 
Michigan are derived partly from decomposed igneous rocks and 

partly from organic remains.° 

Branner has suggested that the compact novaculites may be 
metamorphosed cherts.' 

Comstock considered many of the Arkansas novaculites to 
be hot water deposits.’ 

Julien thinks amorphous silica is produced by marine organ- 
sms, or by precipitation from solutions." 

Griswold is of the opinion that novaculites are simply meta- 
norphosed, fine grained, mechanical sediments.? 

N. H. and H. V. Winchell believe in the theory of chemical 
precipitation for the jaspilites.’ 


James E. Mills is of the opinion that certain quartzites of the 


* Pre Bost. Soc. Nat. Hist., Vol. XX, pp. 167-168, 1878-1880. 
Bull. Mus. Comp. Zool., Vol. VII, p. 30, 1880; Proc. Bost. Soc. Nat. Hist., Vol. 
\X, pp. 477-478, 1878-1880; Bull. Mus. Comp. Zool. Harvard Col., Geol. Ser. I, 


\ x 
+Genesis of the Crystalline Iron Ores. By A. A. JULIEN. Eng. Mining Jour., 
Vol. XXVII, pp. 81-83, 1884. 
*Am. Jour. Sci., Vol. XXXII, p. 255, 1886. 
Geologie der amerikaniscl 
Berg. u. Huttenwesen, XX XV, Nos. 10 and 11, 1887. 
Ann. Rep. Geol. Surv. Ark., Vol. I, p. 49, footnote, 1888. 
Ann. Rep. Geol. Surv. Ark., Vol. I, pp. 95, 129, 1888. 
Proc. A. A. A. S., Vol. XXVII, pp. 311-340, 1889 
Ann. Rep. Geol. Surv. Ark., Vol. III, pp. 164, 194, 1890. 
The Iron Ores of Minnesota. By N. H. and H. V. WINCHELL. Minneapolis, 


Bd 
VI, pp. 331-565, 1884 


1en Eisenlagerstatten. E. REYER. O6cst. Zeitsch. f. 





BRANNER 


Sierras, in California, are replacements of clays by silica, and 
that others are possibly replacements of limestone by silica. 
Wadsworth came to believe in their sedimentary origin. 
Rutley in a review of the subject reached the conclusion that 
the novaculites were replacements by silica of Colomites or of 
dolomitic limestones. 


Hinde expressed the opinion on the occasion of the reading 


of Rutley’s paper that these rocks were of organic origin.‘ 
I 


uwson thinks the “‘radiolarian cherts,’’ that is, the jaspers 
of the coast ranges of California, are local deposits chemically 
precipitated from submarine siliceous springs. 

Branner thinks the jaspers are of organic origin.‘ 

Van Hise in speaking of certain jaspers of the Marquette 
district says: “It appears highly probable that dynamic action 
transformed the ferruginous chert into the jasper.”’” 

Derby’s views, that novaculites are replacements of lime- 
stones by silica, are given in the first part of the present paper. 

Fairbanks has concluded that the Tertiary siliceous shales 

the coast ranges of California are derived from diatomaceous 
beds 

Doubtless many other expressions of views regarding the 

gin of these siliceous rocks might readily be found, but these 
are enough to show that there has been the widest possible 


difference of opinions on the subject. 


We have then the following theories, that the novaculites, 
jaspilites, Jaspers, etc., are: 
1. Mechanical silts. 


2. Organic silts. 


Board of Geol 


lated March 1892. 


XXXIX, p. 58 
XXVIII, p. 37 


72, 18907 


/ 


S. G. S. (MSS.) 








THE ORIGIN OF CERTAIN SILICEOUS ROCKS 





3. Chemical precipitates. 

}. Igneous deposits. 

5. Replacements of clays. 

6. Replacements of limestones. 

Replacements of dolomites. 

[The most comprehensive discussions of this subject are 
those of Griswold and of Rutley. But these writers do not 
igree in regard to the origin of the rocks, the former believing 


them to be fine sediments, the latter believing them to be 


replacements of dolomites or limestones. 
My own opinions have not been based upon such micro- 


opic study as either Griswold or Rutley devoted to this work, 
ind for that reason were not worthy of special consideration. 
Since I began to study the geology of the coast ranges of 
California, however, I have, I believe, seen much that throws 
ight upon the origin of the novaculites and similar rocks. 
[hese observations embrace those upon geological structure, 
gross and microscopic structure, composition and geological 
relations, and lead me to believe that the white siliceous shales 
so characteristic of the Tertiary, the jaspers and the diatomaceous 
eds are only various phases of the same thing. 
I am glad to say that Dr. H. W. Fairbanks, whose acquaint- 
ince with the coast range geology makes his opinion especially 
iluable, expresses similar views on this subject. Dr. Fair- 
vanks, however, has undertaken a thorough study of this subject 
rom which important results may be expected. 


}. 


BRANNER., 




















A STUDY OF SOME EXAMPLES OF ROCK 
VARIATION." 


Published by permission of the Director of the United States Geological Survey.] 


In the following article | purpose to describe briefly a series 
of igneous rocks which vary from those of acid character through 
those of intermediate and basic characters to others which are 
ultrabasic in composition. The rocks occur upon the upper pen- 
insula of Michigan, in the vicinity of Crystal Falls, the most 
important town in the iron-bearing district of the same name. 
All are to be found in an area extending from Crystal Falls 
southeast to a mile east of the Michigamme River. In the des- 
cription of the various kinds no detailed mention of localities 
will be given, since they are given in the complete article, and 
if wanted can readily be found by reference to it. The rocks 
occur as knobs or groups of knobs, and as well determinable 
dikes cutting the knobs. ‘he outcrops project through an area 


covered by glacial deposits. The best exposures are naturally 
near the river, where erosion has removed the drift mantle. 

Here and there in the drift are isolated exposures of sedimen- 
tary rocks of Upper Huronianage. The relations of the igneous 
rocks to the sedimentaries are not shown by exposures of direct 
contacts, but it is inferred from the occurrence of sedimentaries 
between the igneous exposures that the drift is underlain by 
Upper Huronian sedimentaries, and that the igneous rocks are 
intrusive in them [he intrusives have never been found to 


penetrate the superimposed, horizontal, Lake Superior, Potsdam 





sandstone [hese facts are conclusive proof that their period of 
‘TI article i brief tract ofa part of a report which will appear in full asa 
monograp!) f the | S. Ger Surv., under the title of “The Crystal Falls Iron 
earing District of Michigan For deta which are not warranted in this place the 
er is referred to the monograph. An abstract of the monograph, in which the 


port n treated in the present art ‘ s irely mentioned on account of lack of space, 


rt ume title as the monograph in the Igth Annual Report. 
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intrusion fell in the time between the deposits of the Upper 


Huronian and those of the Cambrian. In the complete article 
there is a discussion of the time of the folding of the Upper 


Huronian, and the conclusion is reached that this folding took 





place immediately preceding the deposit of the Keweenawan 
series. If these intrusives had existed at that time, they must 
certainly have suffered from the orogenic movements. Examina- 
tion of the exposures of the intrusives has not shown schistose 
masses, nor has detailed microscopic il study disclosed any tex- 
tures which accompany powerful dynamic movements, except in 
isolated cases which are presumed to be due to purely local 
movements. Such being the case, the conclusion follows that 
these intrusives are subsequent in their origin to the folding of 
the Upper Huronian; that is, are of Keweenawan or of post- 
Keweenawan age. 

It seems highly probable, though it cannot now be proven, that 
the intrusives are contemporaneous with the period of volcanic 
activity, during which the heterogenous Keweenawan series was 


formed. During the formation of such a great series we might 





well expect more or less fissuring of the sedimentaries and 
intrusion of molten magma in a district no farther removed 


from the scene of eruptive activity than is the Crystal Falls 


district from the Keweenawan, a distance of about thirty miles. 
It is at least clear that the rocks are post-Huronian and pre- 
Potsdam, but a closer approximation cannot be made with 
certainty. 

With few exceptions the intrusive rocks are medium to 
coarse-grained. While the granitic texture is unquestionably 
predominant, other textures are not absent, for we find some 
ophitic and porphyritic textured rocks, and others in which 
even a parallel (flow) texture has been produced. It has 
already been intimated that the chemical range is very great. 
There iS, oft course, a corresponding range in color. 

The main classes with which the variations will be grouped 
are the diorites, the gabbros, or gabbro-norites, and the perido- 


tites. Complete and accurate chemical analyses of certain 
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rocks of these chief classes have been obtained and the micro- 
scopical diagnosis thereby confirmed. Within each of these 
main divisions well marked varieties can be distinguished. While 
between the gabbros and the peridotites a transition is unques- 
tionable, a less positive statement must be made for the connec- 
tion between the diorites and the gabbros, and while the writer 
is convinced that such connection exists, he is aware that the 
reader may not take the same position. Inthe following pages 
the three main classes will be briefly described, and then the 
variations within each class. The relations between the various 
main divisions will be described, and then, with a brief summary 
of the facts, the reader will be enabled to draw his own con- 
clusions 

Diorites ‘ollowing Brégger’s definition,’ the name diorite is 
in the following pages restricted to granitic textured plutonic 
rocks of intermediate acidity, consisting essentially of plagio- 
clase and either primary hornblende, pyroxene, or mica, or two 
or more of these 

rhis is very different from the usage by a number of the 
previous writers on the Lake Superior region, who called the urali- 
tized dolerites ‘‘ diorites "’ or “ epidiorites.”” Asa result of the 
introduction of the use of this name diorite by scientific men, 
it is now in common use among the miners in the Lake Superior 


iron regions, and is usually applied by them to any greenish 


rock whose sedimentary characters are not clearly recognized, 


very much in the same way that the field geologist uses green- 


stone, especially if the green rock is associated with an iron 


formation. In the great majority of cases such rocks are doler- 
ites in a more or less advanced stage of alteration, and rarely, if 
atall, pure diorites. 

Che dioritic rocks are of medium to coarse grain. In tex: 


ture they show some variations from rocks of a granitic texture 


l) ker iptivgestelr ‘ Kristianiagebietes, by W. ¢ Brégyver in Videnskabs 
Skrifter, | Mathematisk- naturv. Klasse. Pt. I, Die Gesteine der Grorudit 
linguait-Serie, 1804, N 1, | 2 Pt. II, Die I ruptionstol ge der triadischen 


Eruptivgest e bei Pr n Siidtyrol, 1895, No. 7, p. 35. 
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to others which incline to the ophitic texture, and to still 


others which are distinctly micropegmatitic. The granitic tex- 


ture is the most frequent. The color is uniformly light gray or 
reddish, but at times, when the ferromagnesian minerals are 
present in greater quantity, they become dark gray or greenish 
brown. 

[he important mineral constituents are feldspar, quartz, 
hornblende, and biotite. Apatite, zircon, sphene, iron oxide, 
and epidote (7) are the accessory minerals. The secondary 


minerals present are white and brown mica, chlorite, epidote, 


roisite, calcite, and rutile. Plagioclase feldspar, orthoclase, and 
microcline occur together. The plagioclase is present in indi- 
viduals which are fairly automorphic. In the ophitic textured 


diorites, the plagioclase is the best developed ot any of the 
essential constituents. Inthe granitic textured rocks the degree 
of automorphism is highest where orthoclase and quartz are pres- 
ent in the largest quantity, and diminish as these diminish in con- 
sequence of the interference of the plagioclase individuals. For 
the most part the plagioclases yield rather narrow sections, though 
they can hardly be called lath-shaped. Measurements show the 
plagioclase to be andesine. It is very much altered. Ortho- 


clase is present in large plates, which form a part of the meso- 


stasis for the plagioclase and the bisilicates. The quantity of 
orthoclase varies considerably. It is very much decomposed. 
Microcline is not abundant. It is very fresh, and in many cases 


automorphic with respect to the orthoclase and quartz. Quartz 
is present in variable quantity, and with the orthoclase forms 
the mesostasis. The hornblende shows a good development in 
the prismatic zone. The terminal planes are not so well devel- 
oped. It varies from dirty green to reddish-brown in color. 
[he reddish-brown variety occurs in the center of the crystals 
and is surrounded by the green. The differently colored zones 
thus produced are not sharply delimited, and are also in perfect 
optical continuity. No evidence is found indicating the green 
kind to be an alteration product from the brown variety, and 


they are both assumed to be primary. The biotite is brown, 
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and shows its usual characters. It is less well developed than 
the hornblende. All of the other. minerals show their usual 
well-known characters. 

According to the variations in the proportions of the essen- 
tial minerals, plagioclase, orthoclase, quartz, hornblende, and 
biotite, we get the following varieties of diorite : quartz-diorite, 
tonalite, quartz-mica-diorite, and mica-diorite. This variation 
is best shown in a connected group of knobs composed of 
medium grained rock, which varies in color from light pink toa 
very dark greenish-gray. Areas of light and dark colored rock 
may be seen extending in finger-like projections into one 
another. There are no sharp boundaries between them, how- 
ever, but, on the contrary, a gradual passage from the light to 
the dark variety. Some of the rocks also contain small, more 
or less rounded areas, which are clearly segregations of ferro- 
magnesian minerals. These different phases evidently belong 
to a single rock mass, but the microscope enables a separation 
to be made into the several mineralogical and textural facies 
already mentioned. The main mass of the rock forming the 
knobs appears to be a tonalite which resembles the published 
description by Becke' of that from the Rieserferner. It also 
closely resembles some slides of the ty pical Adamello tonalite 
with which I have been able to compare it. This tonalite grades 
by diminution of biotite with corresponding increase of horn- 


blende into quartz-diorite, and by a diminution or disappear- 


mica-diorite. Where the quartz of this last variety is practically 
wanting, we get a mica-diorite. In this small massif pure types 
of the rocks described are of rare occurrence. Orthoclase is 
present in all of these dioritic rocks. In certain facies the 
orthoclase and quartz are very abundant, and the plagioclase 
correspondingly subordinate. Such rocks approach closely the 
plagioclase-bearing granites. 

[he relationship to granites is better shown in a different 

* Petrographische Studien am Tonalit der Rieserferner, b 


Ve XIII, 1892, pp. 379-464 


y F. Becker, Tsch. Mitt. 
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occurrence from the one just described, in which the greater 
portion of the rock is a plagioclase-bearing biotite-granite, show- 
ing in many cases most beautiful micropegmatitic texture, but 
with schlieren of a darker colored rock which might readily be 
called a quartz-mica-diorite. It is especially interesting to note 
also that this series of exposures is cut by a number of small 
dikes of uniform character, varying from fractions of an inch to 
three inches in width. The dike rock is very light gray to pink 
in color, and cryptocrystalline. Examined under the microscope, 
these dikes can be readily separated into a microporphyritic 
center, and a microgranitic textured selvage. Phenocrysts of 
quartz, feldspar, and biotite lie in a microgranitic groundmass 
of teldspar and quartz, between which occur secondary flakes of 
muscovite. The rock is a microporphyritic quartz-mica-divrite 
or quartz-mica-diorite-porphyry. This rock seems to bear a 
very strong resemblance to the tonalite-porphyrite described by 
Becke*? which occurs as a dike facies of the Rieserferner tonalite 
to which I| have already referred. 

Still another illustration of the passage from the granitic to 
the dioritic rocks was observed upon a dike, four feet wide, 
which penetrates a knob of hornblende-gabbro. A specimen 
taken near the center of the dike discloses itself as a_biotite- 
granite with a small amount of plagioclase. The sides of the 
dike consist of diorite, composed of andesine feldspar, and 
biotite, without any quartz. The sharp line of demarkation 
which exists between the dike and the gabbro seems to pre- 
clude the possibility of a fusion and mingling of the two rocks, 
such as has been suggested by Johnston-Lavis,? as in some 
cases causing variation in chemical composition of intrusive 
rocks, especially where this variation is one between the center 
and periphery of an intrusive mass. The diorite occurrences of 
the Crystal Falls district seem, in the gradations mentioned, to 

‘ Loc. cit., pp. 434-441. 

? The causes of variation in the composition of igneous rocks, by H. J. JoHNSTON- 
Lavis: Natural Science, No. 4, pp. 134-146. 


rhe basic eruptive rocks of Gran, Norway, and their interpretation, by H. J. 


JOHNSTON-LAViIs: Geol. Mag., 4th decade, Vol. I, 1894, p. 252. 
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be very similar to the tonalite from the Rieserferner described 
by Becke,' and also to the so-called grano-diorite massifs of 
California, described by Becker, Turner,? and Lindgren. The 


yrano-diorite of California appears from Lindgren’s description 





to correspond very closely to tonalite, though Turner uses the 
name as synonymous with quartz-mica-diorite. 

It has not been found possible thus far to obtain analyses of 
all these varieties [The more acid facies of the diorites seem to 
show very clearly their gradation towards tonalites and granites, 
and, from their content of free silica, the conclusion seems to be 
warranted that they are rather acid. Such being the case, it was 
deemed of more importance to study the relations of the less 


] 


acid dioritic facies in order to determine their relationship with 


the basic gabbros and peridotites with which their connection 
is not so evident as it is with the granites. To this end a com- 
plete analysis was made by Dr. H. N. Stokes of a mica-diorite. 
[he rock analyzed consists of biotite, hornblende, plagioclase, 
orthoclase, and quartz, with the biotite and plagioclase as the 


| 
I 


predominant « haracteristic constituents 





ANALYSIS OF MICA-DIORITE BY DR. N. H. STOKES. 

Sif) Sd.51 MeQ ..72 

iO 72 K.O 4.08 

AIO Na.O 3.11 

Cr.0 ‘ ( H.O \atil - 23 

be ) 11 ‘above 11 2.00 

FeO 1.43 P.O - } 

\in®) . trace CO - none 

Nid) r¢ 

( it) > 99.40 

Gabbros and norites The gabbros and norites are holocrys- 
talline rocks of moderately fine to coarse grain. The rocks 
here included show a considerable variation in texture. Some 

G f the Sierra Nev ‘ Hl. W. TURNE! 7th Ann. Rep. U. S. Geol. 
~ . a I s j 

(ys ( I W. LIN EN An J r.S } series, Vol 
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of the finest grained forms possess a very good parallel texture. 
Others are noticeably porphyritic. A few have a poikilitic tex- 
ture. Less common is an approach to the ophitic texture of the 
dolerites. Most commonly of all, however, the rocks are gran- 
itic in texture. The color variation is not great, and is chiefly 
in dark brown or greenish-black tones. The important mineral 
constituents are feldspar, biotite, hornblende, pyroxene, and 
olivine. Apatite, sphene, zircon, rutile, octahedrite, brookite (7), 
ind iron oxide occur as accessory minerals. White and brown 
mica, chlorite, hornblende, talc, serpentine, sphene, rutile, and 
ilcite occur as secondary minerals. 

Plagioclase and orthoclase-feldspar are both present. The 
last is, however, of doubtful occurrence. The plagioclase is 
labradorite, and shows its usual characters. 

Hornblende is the most striking component in the majority 
of the sections. It is present in three different varieties, all of 
which occur in anhedra. The most prominent kind is a red- 
dish-brown hornblende, which has a dark green hornblende 


commonly associated with it, and frequently in zonal intergrowth 


with it. This hornblende occurs without the green kind, but 
the green is invariably associated with the brown variety. The 
two are optically continuous in the intergrowth. It is possible, 


though not susceptible of proof, in the sections examined, that 


the green hornblende is the incipient alteration of the brown 


hornblende. The pleochroism is strong in the following colors: 
By na #ov? 
a b c 
Light yellow or red, Reddish-brown. Same as D, or else a darke1 
with tinge of green. reddish-brown. Excep- 
tionally it is a light yel- 


lowish-brown. 


c b a 
( n hornbles 
a b Cc 
Greenish-yellow, Yellowish or brown- Darker olive-green. Fre- 
sh-green. quently with bluish tinge. 


c>b>a 
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rhis hornblende, with respect to its rather exceptional pleo- 
chroism and its general characters, seems to agree very well 
with that described by van Horn* from very similar rocks from 
Italy, and like that is possibly very basic. The brown horn- 
blende possesses a further interest in that it is frequently ren- 
dered very dark by the number of exceedingiy small inclusions 
within it, and in this, and also in its color, resembles so strongly 
hypersthene as to be readily mistaken for it upon cursory exami- 
nation The inclusions referred to are determined to consist 
of characteristic heart-shaped and geniculate twins of rutile, 
and pointed pyramidal crystals of octahedrite. Others show a 
flat tabular development, somewhat similar to that of brookite, 
though these could not be positively determined as that mineral. 
Associated with the above were numbers of hexagonal, clove- 
brown plates appearing in cross section as sharp lines. A 
gradation between these plates and large masses of ilmenite was 
traced It thus appears that these inclusions are all titaniferous 
minerals 

[he second kind of hornblende is the compact, strongly 
pleochroic common green hornblende, and the third kind is a 
non-compact reedy variety of light green hornblende. This 
last is probably secondary, but secondary after the original horn- 
blende, thus not affecting essentially the character of the rock. 


[he pyroxene is represented by a monoclinic variety and by 


the orthorhombic bronzite. The presence of olivine was deter- 
mined with considerable doubt. None of the remaining minerals 
show anything of special interest. 

[The leading essential constituents described are combined 


} 


in variable quantities, and accordingly a number of different 


mineralogical types of rocks are produced. The important 
types which will be described are hornblende-gabbro, consisting 
essentially of hornblende and labradorite ; gabbro, consisting of 
monoclinic pyroxene and labradorite; and bronzite-norite, com- 
Pet rapl é nters ingen iiber die Noritischen Gesteine der Umyvegend 
Ivre n QOberitalien, F. R. VAN Horn I'sch. Mitt., V Heft, 17 Bd., 1897, 
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posed of bronzite and labradorite. These various mineralogical 
types exhibit very interesting ranges in texture, to which atten- 
tion will be called. The hornblende-gabbro of granitic texture 
is the prevailing rock. An analysis of such a rock shows the 


following composition: 


ANALYSIS OF HORNBLENDE-GABBRO BY MR. GEORGE STEIGER. 


SiO $9.80 | Na,O - - 2.22 
rio 79 H.O \! 13 
\1,0 19.9f : (1 1.71 
Fe,O 6.32 P.O . ‘ 7 
FeO 19 CO 15 
CaO 11.33 

MgO - 7.05 100.63 
KO 6! 


In one of the hornblende gabbros a porphyritic texture is 
very pronounced. Porphyritic brown hornblendes, which are 
poikilitic from inclusions of feldspar and a few grains of augite, 
lie in an imperfectly ophitic groundmass. This rock grades into 
a finer grained nonporphyritic granitic textured gabbro. Both 
mineralogical and textural variations are well shown in another 
occurrence, in which the relations of the respective varieties 
are clearly seen. The normal granitic hornblende-gabbro is cut 
by numerous narrow bifurcating dikes, which are very dark, of 
fine grain, and stand out clearly from the main mass of the 
oarse-grained gabbro. These dikes contain a larger percentage 
of biotite than is found in the normal gabbro, but most interest- 
ing is the presence along the sides of the dikes of a well-marked 
parallel arrangement of the minerals. This is presumed to be a 


true flow structure consequent upon the flowage of the magma, 


where it was forced in the fissures, as none of the minerals bear 


indications of secondary origin, and show but faint evidence of 


i! 
the effects of pressure, 
[hese dikes, as well as the main mass, are cut by a coarse- 
grained bronzite-norite. Bronzite, hornblende, and labradorite 


ire the essential constituents of this rock, arranged in order of 


ne eT aa eee ne na cre 
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their importance. The following analysis gives its chemical 


composition ° 


ANALYSIS OF BRONZITE-NORITE BY MR. GEORGE STEIGER. 


SiO . 48.17 Na,O - - 1.34 
{) . 0 \ ) - ( 
I I H.O I 1g 
ALO 5. 2¢ (1 2.00 


keQ I CO 13 
(at? 4 

MeO | I 17 
KO - : MnQ, etc., not looked for. 

[he last gabbro occurrence to be mentioned is one in which 


we find the normal type of hornblende-gabbro cut by a dike in 


which monoclinic pyroxene is in about equal quantity with the 


hornblende This evidently represents a transition towards a 
true gabbro [his exposure of gabbro is cut bya peridotite, 
which is feldspathic and concerning which detailed statement 


pa CS 
[he rocks just described may be compared in their varia- 
tion to those described by G. H. Williams * from Maryland, by 
Chester ? from Delaware, and by Fairbanks ? from California. <A 
series of basic rocks similar in many respects to those of Crys- 
tal Falls has also been described recently in two interesting 
papers by van Horn‘ and Schaefer. 

Pert if Che pe ridotites are all coarse -rained rocks of 


ry dark color, consisting of the following chief mineral con- 


i ring ne Baltin | 
ti. W SG S N S. ySS¢ Out P f tl geolog f 
\ g ' 
| ! 1) ware F. D. Cuesti I U.S 
; Ss _N 5 S 
I | Ss eS Ks, Bull. D of Geol., Univ. of 
\ Il, No, 1, 18 . t 
| I , P e m en Gesteine der Umgegend 
I ) I NH I Mitt, \ 17, (897, pp. 391 
} 
D G Ge t M illone—Thales, by R. W 
S M 7 I 1595, pp. 495-517 
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stituents: pyroxene (monoclinic and orthorhombic), olivine, 
hornblende, and biotite. Associated with them are feldspar, 
ipatite, green and brown spinel, and iron oxide. The relative 


roportions of these minerals differs much, and yield different 


well-known rocks. The types are not sharply separated, but 
ire found, both in the field and under the microscope, to grade 
nto one another. The purest form of peridotite is the wehrlite, 
composed essentially of olivine and augite. Where, besides these 
minerals, hornblende is present in large quantities, the rocks 

long to the amphibole peridotite type and approach Williams’ 
ortlandtite In some specimens the biotite is almost in suffi- 
ient abundance to warrant the naming of the rock biotite-peri- 
lotite. Again, feldspar is present in comparative abundance 
ind the rock is a feldspathic wehrlite, and approaches an olivine- 


ibbro or an olivine-hornblende-gabbro. 


A number of exposures of the peridotites have been exam- 


ied, but only one will be described here, and that has already 
been referred to under the gabbros. This peridotite cuts the 
rabbros. Sections made from different specimens taken from 


he exposure would be named, if considered separately, amphi- 


eridotite, wehrlite, or even olivine-gabbro. This is the 


ume exposure from which was taken a specimen described by 


F 1 
Oi | 
I 


‘atton* as hornblende-picrite. In this rock there occur the 
following essential mineral constituents, given in order of crys- 
tallization: augite and olivine, apparently contemporaneous, 


rthorhombi pyroxene, hornblende, biotite and feldspar. 


Of the mineral constituents forming the rock, augite is the 


nly one which is automorphic, and then only when it is par- 


tially or wholly surrounded by feldspar. The olivine is in 
rounded individuals which are never associated with the augite 
n such a way as to enable their relative periods of crystalliza- 
tion to be determined. Orthorhombic pyroxene, apparently 
} nat ee af . . ] ] » . 
yronzite, occurs in grains inclosed in hornblende, and also forms 


Microscopical study of some Michigan rocks, by H. B. PATTON,in Sketch of the 
of the iron, gold, and copper districts of Michigan, by M. E. WADSWoRTH, 


State Board Ge Surv. tor 1891, 18 1893, p. 1306. 
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a narrow zone around the olivine. The hornblende is predom- 
inately a brown variety, showing strong pleochroism ; @ is light 
cream yellow, ¢ is yellowish-brown, and bp is reddish-brown. 
b>c>a. Patton * has already called attention to the exceptional 
pleochroism of this hornblende, in which the brownish color is 


that of rays vibrating parallel to the orthodiagonal axis. The 


brown hornblende is accompanied by a small quantity of green 


hornblende, which is in crystalline continuity with the brown, 
and is apparently original. The biotite began to crystallize 


before the hornblende had ceased growing, as we find it in 


~ 


ragged plates ing luded by it, especially upon the periphery of 
the individuals It is normally the least well-developed mineral 
present Feldspar is present at times in small quantity, and 
forms the mesostasis [he olivine possesses a certain interest, 


as it is surrounded by zones' of different minerals; first, ortho- 
rhombic pyroxene, surrounded in its turn by green compact 
hornblende, which is in optical continuity with the predominant 


brown hornblende of the rock. This green hornblende lies next 


to the feldspar, and is traversed by anastomosing tabular feld- 


spar growths 


from the relations described as existing between the various 
minerals composing the peridotite, it seems that the following 


stages may be outlined in the progress of the consolidation of 


this roc} l'rom the coarse, even-grained character, and from 


the fact that neither a fine-grained groundmass nor glass is pres- 


} 


ent, the conclusion is warranted that it consolidated very slowly, 


ind must have, of course, at some time been under very high 
temperature [he olivine and augite were the first of the chief 
silicate constituents to form, and crystallized out of the magma 
at approximately the same time The magma soon reached a 


} 


condition unfavorable for further production of olivine, probably 


on account of increasing acidity There was then formed 
the orthorhombic pyroxene occurring in a zone surround- 
ing the olivine [he monoclinic pyroxene continued to grow 


during the formation of this orthorhombic variety, as it is 
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vi 


not surrounded by it Finally, however, the condition of 





the magma was such that in the place of the monoclinic 





ind orthorhombic pyroxene the crystallization of hornblende : 
I do not know what the conditions were which caused the 
mation of the hornblende subsequent to and in such intimate 


1 


issociation with the pyroxene, surrounding it in zonal growth. 
\n explanation of such occurrences has been attempted by 
Becke' in a recent article in which the conclusion is reached 
that the formation of hornblende and pyroxene depends upon 
hanges in temperature and pressure. His explanation is based 
yn the facts of occurrence of pyroxene and hornblende in 
tonic and effusive rocks, and also upon the well-known fact 
that at high temperature and atmospheric pressure hornblende 
innot exist, but when fused recrystallizes as pyroxene, and 
pon the experiments of von Chrustschoff,? who has obtained 


ornblende at a temperature of 550° C., with the presence 
f water, nder which conditions a high pressure must be 
veloped However, attention should be called to the fact 


that his explanation does not take into account other important 
ictors which certainly influence the crystallization of minerals, 
r example, the chemical composition of the magma, and the 


oint and spe he gravity of the minerals. 


the fact is that hornblende began to crystallize in the place of 
roxene [he biotite appears to have been formed at this time 
vith the hornblende [The production of the hornblende and 


otite continued until the remaining magma had reached the com- 


tion of basic feldspar, which then crystallized and 


now forms 
sostasis A zone of orthorhombic pyroxene succeeded 
P: 


one of hornblende has been described as surrounding the 





The term ‘‘reaction-rims”’ has been 
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o similar zones by various observers It seems to me 


that this term is inapplicable to such zones. It is not probable 
that in such a case as this there is a reaction in a strict sens¢ 
between the magma and the olivine. Moreover, the zones 
should not be compared to the “‘resorption-rims’”’ found so com- 
monly in certain effusive rocks, where, from the fusion of horn- 
blende crystals, pyroxene has been produced. Such a zonal 
growth around the olivine seems to me comparable to the case 


I 


described by Washington, where colorless diopside phenocrysts 
are surrounded by a narrow border of yellowish-green augite, 
which corresponds to the small augites in the groundmass, or to 
those cases which are so common in plutonic rocks, even in this 
rock described, where hornblende is found surrounding the 
pyroxene 

\ general explanation which would account for the succes- 
sive crystallization of pyroxene and hornblende in this rock 
should be applicable to such a zonal growth as occurs around 
the olivine, taking into consideration, of course, the probability 
that a factor of slight importance in the one case may be the 


controlling factor in the other Such occurrences seem clearly 
to indicate a change in the chemical composition of the magma 
as the chief factor, but influenced more or less strongly by the 
pressure, the temperature, and also by other factors. 


An analysis of this peridotite is given below 


ANALYSIS OIF PERIDOTITE BY DR H. N. STOKES. 
S10 14.99 | MgO - 21.02 
riO )7 KO 74 
1,0 5.91 Na.O gl 
Cr,O 25 H.O 110 63 
Fe,O 3.42 H,O 11 3.19 
FeO 8.3 P.O 5 
MnQ) trace CO trace (7) 
NiO - none 
CaO - 5.70 99.17 
Petr Sket s, 4, The Rocca Monfina Region, by H. S. Wasu 
\ 7 Gi \ V, 1890 254 
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ROCK VARIATION 


In the preceding pages the 
been given of the variations under 


| 
nas 


llowinge tables there are reproduced the 


been give » typical members of the 


Vy are « ‘ 1 in oraer oO dit i IsShinYy 
Tr) 1 1 f diminishing 
I the complete analyses are given. 











I 


ATOM PROPORTIONS ( 


\ iI 2 5 6.f 
I 5 1.53 5 ).02 
La } } I } 79 5.9 
2 S I 29.07 
NN ) } ) yl 
‘N 5.7 j j j 1.07 


es of chief oxides 


In Table I1 thet s given ‘the percentag 
reduced to 1 ind in Table III the atomic proportions of the 
metals.? [The analyses show thatall of the rocks contain a mod- 


erately large amount of water. Nevertheless, they are sufficiently 
well preserved to warrant a discussion of their analyses for classi- 
ficatory purposes. Indeed, No. 4 is remarkably fresh for so 
With reference to analysis No. I, it may be stated 


the whole, one which it is somewhat difficult 


that the rock is, o he whol 
to place definitely in the existing division of rock families The 
‘ { ] ] ‘ ] ] nm ] ] 
irve amount of lime and relatively low percentage of alkalies 
revent placing the rock with the svyenites, which possibly the 
: , eee mount of orthoclase might lead : | 
D1 ence of the ire imount of orthociase might lead one to do 
f the rock were studied with the microscope alon« On the 
who t approach close to the monzonites, according to thei 
chemical composition as given by broégger From this it 
differs 1 that the lime, )2 per cent., is too low to bring the 
+1 } + - , + ’~* , + 
ro within h mits, 4.52 to I per cent However, if we 
ol r the t of the alkaline earths, 7.55 per cent., in this 
rock, W find that it comes we within Brégger’s range, 6.05 to 


17.52 per cent., for a total of magnesia and lime Moreover, the 


total, 7.19 per cent., is too high to warrant its classification 
monzonite lass as a representative of the type of the 
tite-monzonite 
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On comparing the analysis with that of a normal diorite, 
find the relative proportions of the alkalies are abnormal. 


\lso the lime content is too low for rocks of this character ; 


th. From the above consid- 


itions it seems clear that the rock is related to the monzonites 
nd diorites However, it is so intimately associated with, and 
evidently a facies of the tonalite, which is the dominant type« 
ere the mica-diorite occurs, that it is considered to be more 
sely related to the lime -soda-feldspar rocks in which the 


i 


thoclase is but accessory, than to the monzonite family of 


rthoclas« pla ioclase rocks It is, therefore, considered to be 

i-diorite It has already been remarked that while fo! 
mal diorites the lime is too low, the magnesia is correspond- 
} May we not with right consider this as indi- 
iting a relationship to the more basic rocks gabbros, in which 
ugnesia forms a very important constituent and with which it 
so intimately associated in the field? As against this interpre- 
; tation, however, we have a very high percentage of alkalies and 
oderately high percentage of silica, which certainly warrant 


exclusion of this rock from the gabbro family. 





rabbro-norites as 


When we turn to a consideration of the g 
resented by analyses Nos. 2 and 32, it is at once clear that if 


ve accept, as has been done in the preceding pages, Brogger’s 


laracterization of the diorite and gabbro families, that these 


s could not be included with the diorites as respectively 
yrmal diorite and bronzite-diorite, but must, from their abnor- 
illy low silica and alkali content and high alumina, lime, and 
ugnesia content, be placed with the gabbros. Especially note- 
orthy in inalysis No. 2 is the high percentage of alumina 
resent Normally, large alkali content accompanies high per- 
ntage of alumina. \ reference to the alkalies shows this not 





\nalysis No. 4 is not to be taken as representing the most 


asic variety of peridotite in this district From this alone the 


statement that the variations extend to the ultrabasic rocks 

















would hardly be warranted. \s has already been said, how 


ever, the rock of which the analysis was made is one which is 
hic, and represents a transition upward into the gabbro 
Examining the series of analyses together, we see that in 


1+ ] 


passing from the most acid to the basic end the alumina increases 


very rapidly to 25.96 per cent., until it reaches the extreme basi 
rock, when it drops suddenly to 6.22 per cent. The analyses 
ilso show an increase in the same direction in iron, as is best 
brought out in Table II] Che alkalies increase with diminishing 

ca, whereas the magnesia, which for rocks of this characte1 
is very characteristic, shows a decided increase. In the gabbro- 


norite-peridotite portion of the series, analyses Nos. 2, 3, and 4, 


the lime shows a constant diminution, corresponding to the 
increas magnesian character of the rocks. Likewise the pot- 
ish increases as the soda diminishes. The rocks represented by 
the analyses are believed to belong to a series ranging from a 
liorite on the one hand through hornblende-gabbro and norite 
to a peridotite on the other It is evident that a gap exists 
between the gabbro and diorite The diorite represents a grada- 


tion towards the orthoclase rocks of essentially the same acidity. 
On this acid side of the series the microscope also shows varia- 
tions to a tonalitic and even granitic rocks very rich in quartz 
and orthoclase, probably very much more acid in character than 
the diorite represented in the analyses 

Relations of the rocks of the series —The rapid changes in min- 
eralogical composition and texture ina single rock exposure, and 
the changes thus occasioned from one type into another through 
intermediate facies, show very clearly the intimate relationship 
of the Crystal Falls rocks to one another, and warrants the 
assumption that they all belong to a geological unit, a conclu- 
sion long since reached by Williams* fora similar group of rocks, 


‘* The Cortlandt Series’’ from New York. Variations very similar 


' ' é ( ul Serie on the Hudson River near Peekskill, 
 * & G. H. Wu ams, Am. Jour. Sci., \ XXXI, 1886, pp. 26-41. 
lhe norit ft ‘Cortlandt Se n the Hudson River near Peekskill, N. \ 
G. H.W \M \ J Sci., \ NXNIII, 1887, pp. 135-144, 191-199. 
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to those here described have been well described by Messrs. 


Dakyns and Teall from some Scottish plutonic rocks." The field 





dies have shown the relations of the various members of this 


series from Crystal Falls to be as follows: The diorite is found 


cutting the hornblende-gabbro. The gabbro is also found to 
ve cut by a dike of biotite-granite. [he relation of this par- 
ticular dike to the diorite could not be determined; therefore it 
has not been described. In one case, however, a dike cutting a 
ibbro showed biotite-granite as a facies of the diorite. It is 


probable that the other dikes of biotite-granite occurring in the 


| 


irea are facies of the same widely distributed diorite magma. The 


yabbro is cut by the bronzite-norite and the perido- 


ornblende- 
tite. It is thus evident that the eruption of the hornblende- 
gabbro was followed by that of a peridotite on the one hand 
ind by a diorite, possibly even a granite, on the other. 

It is a difficult matter to estimate quantitatively the amount 
yf the one or the other rock type present in the Crystal Falls 
listrict. We are thus prevented from drawing from the pre- 


lominance of the one kind or the other the conclusion that 





those represented in the minority are the results of the differen- 
tiation of a magma most nearly resembling in its original con- 
stitution that which predominates. Moreover, since the analyzed 
rock types were not selected as representatives of the extremes 
of the process of differentiation, it would not be wise to endeavor 
to give the mean composition of the parent magma, from the 
analyses of the differentiation products which have been pre- 
sented. The main thesis, however, seems to be established that 
the separation of a magma into the various products described 
has taken place, as is indicated by the relations in the field, and 
as has been shown by the microscopical and chemical analyses. 


From the relations described as existing between the various 


The gabbros and norites of the “Cortlandt Series’ on the Hudson River near 
Peekskill, N. Y., G. H, WILLIAMs, Am. Jour. Sci., Vol. XXXV, 1888, pp. 438 

445 
On the pluto rocks of Gara Hill and Meall Breac, by J. R. DAkyns, 


Esq., M.A., and J. J. H. TEALL, Esq., M.A., F.R.S., F.G.S., Q. J. G. S., Vol. XLVIII, 
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f rocks, it was seen that the hornblende-gabbro was 


stionably the one which first reached its present posi- 


Whether this is to be regarded as itself representing the 


ition of the parent magma, or only as a differentiation 
of a still deeper seated igneous mass, cannot of cours 
iat as it may, the fact, which has been 
hat given the period of eruption of this horn- 
il 


ibbro as a starting point, and possibly this magma as 


nal one, the forces of differentiation have been active in 


tions, towards increasing acidity and increasing basicity, 
it with the law of ccession of igneous rocks as pro- 


J. MorGAN CLEMENTs. 


a I S \ , Vol. XII, 




















STUDIES FOR STUDENTS. 


rHE DEVELOPMENT AND GEOLOGICAL RELATIONS 
OF THE VERTEBRATES. 
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PART I. THE FISHES. 





FisHes are, in the popular language of Bashford Dean, 


* DaC k-boned animals, gill-bre athing, cold-blooded, and prov ided 


vith fins.’’ This definition may well be used if we remember 
hat the ‘“ pack-bone”’ is not always bony, that it may be 
entirely cartilaginous or only partly ossified. <A similar condi- 


on may be found in all the other bones of the body and is the 
hief reason that the early history of the fishes is hidden in the 

epest obscurity, for it is one of the most commonly recognized 
facts of palzontology, as well as one of the most deplorable, 
hat only under the most favorable conditions can the soft 
tructures of any body be preserved. From this it is easily 
nderstood why the earliest remains of fishes that we possess are 
those of forms in which the skeleton has progressed so far as to 
be formed of solid cartilage at least, and generally of cartilage 
with local ossification or calcification. 


The following classification of the large r groups of the fishes 


is in general us¢ 
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hranchit, are not well understood 


fishes. The most common of the 


umpreys of the present time 


ertebrates by the entire absence of 


and pectoral virdles of bone 


fore limbs Whether these con- 


of a developing fish or are the 


ire, is still an unsettled ques- 


lificulty that we turn.to the 


However, we can gain but little from 


\ single specimen from the Old 
presentative of the fossil J/ar- 
btful whether this specimen is 
[he specimen shows the pres- 
position of the vertebra, a stage 
which would indicate for them 
known are from the Lower 


Canyon region of the United 


imperfectly preserved remains of 


bones of fishes whose affinities can- 
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Before attempting to take up the different forms of the true 


fishes it may 


. ( 
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be wellto consider briefly those points in the anatomy 


fishes in general where changes have taken place resulting in the 


rdern ty pe 


‘leton tha 


ut the diff 


le velopment 


tne 


} 


body. 


velopment 


[he first 


ecton Dy, 


of the bony fishes. There are three regions in the 
t have been used more than any others in making 


erent groups of the fishes and their phylogenetic 


1. The gradual ossification of all the bones of 
2. The development of the vertebre. 3. The 


of the fin of the modern type. 


of these is the gradual process of strengthening the 


y 


the addition of solid matter which has been at work 


r since the origin of the class and is still in ompl te in many 
ms It is only in the last sub-order of the Ze/costomi, the 
epha that the process is at all complete. Before the 
il formation of bone in the supporting tissues of the body 
cartilage was frequently strengthened by the deposition of 
ireous particles [his is the condition found in the remains 
most « the ear sharks 
The sec l pro ss, th ( ve O} nent of the vertebra is ol 
siderable importan« not only in the deve opment of the 
ves, but as we shall see, in the earliest of the Amphibia as 
Che most primitive condition of the spinal column is such 
well illustrated in the Amphioxus, one of the simplest of all 
vertebrate phylum, the column in this case consisting of a 
t s rod of cartilage, the notochord, extending through 
body from the anterior to the posterior end and lying near to 
dorsal de of the body. It is protected by several layers o1 


iths of n 


Vhe 


reshadowe 


i\ 


ne 
r¢ 
i 
t 
) 
I 


‘t 


e the Sal 


inced t\ 


‘nt of the v 


rior taces 


ore the | 


perio! o! 


1embrane in which the future vertebrz are devel- 
development of the bony covering of this rod is 
| by the appearance of the cartilaginous rings that 
ne serial arrangement as the vertebrz of the more 
pes A very important thing about the develop- 
ertebre is the development on the superior and the 
of the chordal sheath of bony arches that appear 
ody proper, or centrum, of the vertebra. The 


these, the neural arch, protects the spinal cord 
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rth of the vertebral column. The second is 


to the fullest extent only in the caudal portion of the 


ind there furnishes a protection for blood vessels. These 


arches may or may not be attached to the centrum in the adult 


the bases are the first points of ossification and the 
e vertebra develops between them. The process is not 
in all of the fishes, and the gradual completion of th« 
s of great aid in determining the position of some of 
rorms yr, | 

. 

WO) ¢ 

a 
j * ' _— — 
hird, and perhaps the most important of the three 


development is the formation of the fins, both paired 
in Whatever may have been the original form of the 
st thing in the evolution demanded by their peculiar 
nt must have been the development of some form of 
would not only aid the fish in its progress through the 
would enable it to maintain any desired position both 
relative depth below the surface of the water and as to 

acement The first step in the accomplishment of 


was the development of long fins extending from the 


the tail One pair of these was developed on the 
sal and ventral lines, and persists in the dorsal, 
ntral fins of the existing fishes. Che second pair 


long each side of the body in a plane at right angles 


t and divided the body into approximately equal parts 
| below [he paired fins, the pectoral and the ventral, 
S< to be remnants of these lateral folds or fins. 
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[The development of the fins seems to have followed a very 
lefinite line that has served as a great aid in making out the 
lassification of the various fossil and recent forms. Undoubtedly 

the first stage of the development of the fins was the forma- 
tion of the long folds of the skin that were without any internal 
pport, and capable of very complex, wavelike motion, and 
without any gre at power ot resistance to impressed forces. Ot 
this stage we do not have any trace in the preserved fossil forms 
for the reason already assigned, that soft parts are not preserved 
except under the most exceptional circumstances. We should 
xpect it to occur in the remains of the Marsupiobranchii, if at 
ill, but the single specimen preser\ ed, Paleospondylus, does not 
show any evidence of such a fold. The function of the fin fold, 
to preserve the equilibrium of the fish, would demand some 
gree of resistance in the fold, and the next stage of the fin 
ist have been the appearance of fine, hair-like rays of horny 
material, confined to the dermal part of the fold and not joined 
the body proper These were many in number, and only 
rved to stiffen the fin without strengthening its attachment to 
body These fine rays have been called the actinotrichia. 
[he second stage in the development of the fins was the fusion 
f certain of these actinotrichia at points of the greatest strain 
the fins into larger and more solid elements that afforded a 
uch greater power of resistance at those points. The compara- 
vely large and strong cartilaginous rods thus formed have 
eceived the name of radials. The same necessity of resisting 
sutside forces that caused the union of the actinotrichia to form 
radials demanded a stronger attachment of the radials tothe 
ody wall of the fish, and this was accomplished by the separa- 
on of the proximal portion of the radial as a separate element, 


1 


which became elongate and penetrated into the body wall, afford- 


ng a very strong support to the radials. This proximal section 


ig. 2). 


called the basal ( 


Up to this point in the development of the fins the history of 
the paired and the unpaired fins is regarded as practically the 


same, for the paired fins were as yet but undifferentiated parts 
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of the lateral body folds. The reason for the development of 
one portion of the lateral fins over another is not well under- 
stood, but it has been suggested that at points of especial strain 


in the fold, points where, from the mechanical advantage of their 


Yf/ Wp 
Mi, Uy 





|} 2 Schematic unpaired fin; 4, basal, 7, radial; ¢, dermal margin of fin 


position, certain parts of the fold were able to assist in the pro- 
pulsion of the body through the water, that the fins were 
especially well developed, and that there appeared lappetlike 
prominences in the position of the present paired fins. As these 
lappets assumed more and more of the function of swimming 


organs, and less of balancers, they required an even stronger 


support than before, an: 


the basals together and also of the radials, though to a less 


this was accomplished by the fusion of 


extent \s the lappets of the lateral fin grew in importance, 
the intermediate portion dwindled away until all trace of the 
original fold is lost between and beyond the paired fins. The 
final step in the development of the fins was the appearance 


beyond 


the distal ends of the radials of fine dermal elements 
that have much the appearance of the original actinotrichia. 
These serve the purpose of supporting the web at the extremity 
of the fins 

Another line of development of the fishes is closely allied to 
the development of the fins. The median fin that originally 
extended from the head of the animal to the tail has in the 
course of its development gradually retreated toward the poste- 


rior portion of the body until it is represented by a single caudal 





fin and one or more separated elements called from their posi- 


tions the dorsal and the anal fins. The caudal fin has assumed 


different positions in relation to the terminal portion of the 
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spinal column. In the original condition the dorsal and the 
ventral parts of the fin were equally developed, and the ver- 
tebral axis divided the fin into two equal parts, so that the fin 
presented a rounded or slightly acuminate appearance. This is 
called the diphycercal condition. Another, and a very common 
condition among the more primitive forms of fish, is where the 
ventral portion of the caudal fin is developed at the expense of 
the dorsal, and the terminal portion of the vertebral axis is bent 
ipward at the end. This is called the heterocercal condition. 
[he form most commonly found in the modern forms of fishes 
is that in which both the dorsal and the ventral portions of the 
caudal fin are developed more than the main portion of the fin, 
but about equally themselves. T his 1S called the homocercal 
condition, and was for a long time considered as the primitive 
condition, or at least more primitive than the heterocercal. It 
is shown to be untrue by the fact that even in the highest types 
of the bony fishes the extremity of the notochord is bent upward 
as in the heterocercal form of the tail. The progress of devel- 
opment of the tail seems to have been from the diphycercal 
through the heterocercal to the homocercal.' 

The oldest remains of fishes that are de finitely known come 
from the Upper Silurian and the succeeding rocks as high as 
the Carboniferous. The group called Ostracodermi has long been 
denied a position among the fishes by certain authors, the prin- 
al objection being the seeming lack of any lower jaw, which 


| 
s regarded as one of the prin ipal characters of the vertebrates. 


Because of this feature and the appearance of some of the forms 


which is similar in a general way to that of the Trilobites, the 
group has been considered as belonging to the Crustacea, but 


there are so many other characters that unite them with the 


\ ission of the facts here pointed out, with much more that is valuable to 
ent, will be foun n a recent book by Bashford Dean, 77 , Living and 
ul tline of their forms and pr ble relationships, Columbia University Bio 
Series, Mact an & Co., 1895. This ok takes up the various forms of fishes 

pop lar way that w not be bevond the student of geology who has the princi 


f ' Ihe large number of excellent illustrations will be found to be of 
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fishes that no less an authority than Smith-Woodward has placed 
them among the fishes. In general, the group is distinguished 
by the fact that the bones are not ossified; that the paired fins 
and the lower jaw are absent, and that the anterior part of the 
body is covered by large, bony plates that are developed in the 


skin and have no connection with the cartilaginous skeleton. 


[he group is divided into three families: Pteraspide, Cephalas- 
pide, and Ptericthide. 

1s 7 . } ¢ ' y ° 

Pteraspida This family is confined almost exclusively to the 


Devonian, the Old Red Sandstone of England and Scotland. It 
contains the simplest and most archaic forms of the Ostraco- 
termi [he anterior part of the body was covered by two large 
plates, a superior and an inferior, that served as a complete armor 
for that part of the body [he eyes protruded from openings 


by notches in the adjacent edges of the two plates. 


[The upper plate is sometimes marked by grooves that are sup- 
posed to indicate the course and distribution of sensory tracts 


such as are found in the skulls of the shark and many of the 


more advanced ty pes of fishes ‘The posterior part of the body 
was covered by many small rhomboid scales It is probable 
that the forms were bottom feeders, and that the common food 


was the abundant molluscan fauna of the Devonian seas. /%eraspis 
ind f/olaspis, from the Devonian of England, and Paleaspis, 
from the Upper Silurian of Pennsylvania in the United States, 
ure the best known of the family 

Cephalaspida In many respects the members of this family 


resemble the last, the anterior part of the body is covered by 


well deve loped p ites, while the posterio1 portion is protected 
xy rhomboid scales [he size was, in general, smaller than 
either of the other families, seldom reaching more than a foot 
n length The head was large and curiously like that of a 
Trilobit in externa Lippe trance The anterio1 edve was rounded, 


ind there were two lateral posterior extensions in a position 


inalagous to that of the genal spines in the Trilobites. The 
eyes were located near the center of this plate. The scales that 


formed the protection of the posterior part of the body are 
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re and arranged in rows, the mid-dorsal row developing an 
7 


} 


uminate ridge that has the appearance of a dorsal fin. The 


was distinctly heterocercal. In some of the more peri ctly 


eserved specimens there seems to be an indication of the 
esence of external gills at the base of the posterior lateral 
ines of the head plate. All the known forms are from the 


er Silurian and the Devonian rocks of England and Europe. 


\mong the best known of the genera are, Cephalaspis, Auchen- 


pis and Tremata Pils 
tevicthida [his family presents many important steps in 


ince of the other two, the anterior part of the body is not 


rotected by single plates, but by an armor made up of the 


on of several small plates both upon the upper and the lower 


les. The posterior portion was, as in the other forms, covered 
h small scales. Perhaps the most peculiar thing about the 


nily is the presence upon the sides of the body, near’ the 


terior end, ol elongate, movable appendages that perhaps 


rved as swimming organs, although in one of the later and 


ore specialized of the forms the appendages become anchylosed 


the adjoining plate, and lose all power of motion. These 
lages are regarded as the homologues of the posterior 
ensions of the head plate of the Cephalaspide. The Pteric- 
te are most commonly known from the Devonian of the Old 
ld. VPtericthys, Asterolepis, and Bothriolepis are well-known 
ropean forms From the New World BSothriolepis has been 
scribed from the Devonian of Canada, and from the same 
' 


rizon in Ohio incomplete remains have been described by 


] , 


wberry as Acanthaspis and Acantholepis. It is necessary here 


warn the student against a confusion that may arise between 


he old classification present in so many of the text-books 


nd the one here used. The Pteraspide, Cephalaspide, and the 


dermi were regarded as orders of the highly artificial group, 


moidet. The last order included not only the Ptericthide, 


it more highly developed forms that are now known to belong 


the Dipnot. 


The Elasmobranchi are the most primitive forms that hold an 
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undisputed position among the fishes. Including both the sharks 
and rays, the group may be defined as made up of forms in which 
the skeleton is cartilaginous, the skin filled with fine calcareous 
particles (shagreen ), the tail heterocercal, and the external open- 
ings of the gills mere slits in the skin of the neck unprotected 
by an operculum. Inthe previous sub-class there are no remains 
preserved of distinct vertebra, but in the sharks the beginning 
of the vertebrz is seen in the formation of cartilaginous rings 
in the sheath of the notochord. These rings are of varying 
degrees of development in the different forms, in some forming 
mere circular bands around the chord, while in others they are 
nearly closed by the ingrowth of the cartilage that tends to 
segment the chord off into intervertebral elements. There is 
always attached to the superior and the inferior faces of the 
cartilaginous ring the neural and the hzmal arches that carry 
the Sp enal cord and the blood vessels. 

The most primitive of the fossil sharks comes from the 
Lower Carboniferous of Ohio. This form, CZadoselache, is, in 
many respects, quite close to the hypothetical type form of all 
the fishes, the body is longand slender, and there were seven gill 
slits in the neck, which seems to be the number characteristic of 
the earliest forms [he unpaired fins have not progressed 
beyond the second stage of development, as outlined in the 
first part of this paper, that is, the fin fold is supported by small 
rods of cartilage, radials, that are not attached to the body 
wall Che paired fins are in a scarcely more developed condition, 
the lateral fold has disappeared, but the two lappets that repre- 
sent the pectoral and the ventral fins have not progressed 
beyond the stage of the radial support, and are consequently 
of no value to the fish as swimming organs, but must have 
served merely as balancers Che tail was abruptly heterocercal. 
[The whole form was rather small, not reaching a length of more 
than six feet at the outside 

Acanthodes, a rather small form from the Coal Measures of 
England, seems to present a step in advance of Cladoselache. 


The shagreen particles that are scattered throughout the skin 
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of most of the sharks are in this form enlerged into scalelike 

rms that fit tightly one against the other and afford a com- 

lete cover for the body. The paired fins are more strongly 

leveloped than in the previous form, and are better fitted for 

the purpose of balancing the body as well as assuming, to some 
ight extent, the function of locomotion. 

Climatius, from Devonian Old Red Sandstone of Scotland, is 

f considerable interest from the fact that between the paired 

fins on the two sides there are developed many smaller fins, 

cated along the line of the primitive fin fold. These are 

garded as the remnants of the disappearing lateral body fold. 

[he form represents a stage in this respect ancestral to both 

i Cladoselache and Acanthodes, but is in other respects in advance 

f both of them 

Pleuracanthus, from the Permian, is one of the most interest- 

ng of the fossil sharks It represents a stage considerably in 

lvance of the forms already described. The radials of the 

nedian fins have separated off the proximal basal segments 

that afford the strong attachment of the fin to the body wall, 

ind there is deve loped to some extent the dermal elements of 

the external edge of the fin that are found in the fins of the 

modern bony fishes. The paired fins present a very interesting 

ondition, the fore limb having the character of a dipnoan fin, 

und the hind limb the characters of the more advanced type of 

the fish fin. To understand this condition it is necessary to go 

back to the formation of the paired fins from the lateral fin 

folds. The gradual development of the functional swimming 

fin was by the concresence of the basal and the radials to form 


strong, though somewhat flexible supports for the membrane of 


1 


the fin. This was accomplished in two ways. In one the basals 
united and formed a long median axis upon each side of which 
the radials were attached after the manner in which the barbs 


of a feather are attached on each side of the quill. This type 





was originally supposed to be the most primitive form of the 
fin, and so it was given the name of archipterygium. In the 


other type the basals fused into one or more pieces that were 






































404 STUDIES FOR STUDENTS 


confined to one side of the fin, and the radials formed the othe: 
side ; this is the type of fin present in the more advanced fishes ; 


it is called the tchthyopterygium. See Fig. 3. 





Besides the peculiar condition of the fins, Pleuracanthus 


presents other remarxable features. Notable among these are 


the presence of a large spine that projected from the posterior 
edge of the skull, and the fusion cf the shagreen denticles on 
the superior surface of the head into numerous dermal plates. 
In /Veuracanthus, as well as the forms previously mentioned, the 
center of the vertebra had not yet become very well developed, 
and all that is found in the preserved specimens is the line of 
neural arches above the position of the notochord and the 
hzmal arches below. 

Chondrenchelys from the Carboniferous of Europe was in 
many respects similar to /Veuracanthus, but there is one point of 
decided advance, the vertebra were well formed, though still 
cartilaginous, and the inner part of the cartilaginous vertebral 


ring was well filled so that the chord was divided into segments 





by constrictions at the center of the vertebre. 
With the appearance of the sharks of the type of Chon- 


lrenchelys, the modern form is outlined, and since the Carbon- 


iferous there has been no great change in the general structure 
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rroup. One thing is important, however, and that is the 


S i I 


hanges that took place in the teeth of the many forms that 


af 
Lil¢ 


were developed during the Carboniferous time. There seems to 
ive been developed two types of teeth that indicate a very 
ifferent mode of life. In one of these groups the teeth became 
lattened and adapted to crushing or grinding the shells of 
nolluses and crustaceans that formed the food supply. The sur- 


faces of the teeth were sculptured in the most intricate manner, 


ffording an enlarged and more efficient triturating surface. 
lhe different patterns of this sculpture seem almost endless. 
| 


lo these forms have been given the name of the “ pavement- 


thed sharks.”’ /anassa, Petalodus and Cochliodius, all from 
Carboniferous rocks are perhaps the best representatives of 
| 

group Cestracion, the modern Port Jackson shark, is the 
ole ing representative In the second group the teeth 
developed in accordance with the demands of a more 

#i% ’ ] ’ . . } } + } ss @ . > a . | . 
tive and rapacious habit. They are more or less triangular in 
ine, and the edges are frequently finely serrated, affording 


} 


ery firm hold as well as forming most efficient cutting organs. 
is ty} reached its development later than the pavement- 
ithed forms Che largest form, Carcharias, in which the teeth 
1 a length of six inches, is known from the Eocene of 
th the Old and the New Worlds. Other typical forms are 
odus, Lamna, and Carcharodon from the Mesozoic of Europe 
many forms that are regarded as subgenera of Carcharias in 
North America 
One type of fossil that must be mentioned is the /chthyodoru- 
[hese are detached spines that are found in great abund- 
e in the Carboniferous and Mesozoic rocks, and from which 
urge number of genera have been named. In the modern 


1e anterior end of the fins, and especially the dorsal fin, 


f 


s frequently strengthened by the development of a strong 


ne that serves as a cutwater. These spines were muc h more 





rongly developed in the more primitive sharks,and were subject 
» the greatest degree of modification in form, structure, and 


rnamentation As they were so strong they would naturally 
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be preserved through the accidents of fossilization more often 
than the softer structures of the skeleton. 

[he Rays or Satoid branch of the Elasmobranchit are of 
doubtful origin, other than the fact that they differ from the 
true sharks only in the modifications that are attendant on the 
extreme flattening of the body due to the habit of bottom feed- 
ing Chey probably originated as far back as the Carboniferous 
time, although well-preserved torms are not known from rocks 
earlier than the Jurrassi Rhinobatis, an existing genus, is 
known from the Oolite. 

The part played by the sharks in the waters of the Palzozoic 
oceans seems to be very much the same as that played by the 
recent bony fishes in the modern waters. The variety of forms 
was seemingly endless, and the adaptations to various conditions 
of life, and to different means of obtaining food, bear witness, 
not only to the large number of forms, but to the strength 
and dominance of the type 

The Holocephali, the Chimeroids, is a peculiar, aberrant 
group, that is allied on the one hand to the sharks and on the 
other to the Dipnoans. The structure of the fins and the verte- 
bral column is the same as in the sharks, but the structure of 


ead and the arrangement of the teeth is almost the same 


the 
as the dipnoans [here is a single broad dental plate in the 
lower jaw, and two plates in the upper jaw instead of numerous 


isolated teeth. [he surface of these tooth plates is variously 
] 


modified by the addition of knobs, rid 


res, and other irregular- 


ities, to increase the grindin 


vy surface Little is left of the fossil 
forms but the teeth and the spines that stood at the anterior 
end of the dorsal finas inthe sharks. Fossil forms are /schyodus, 
Myriacanthus, and Squaloraja, all from the Mesozoic. 

The Dipnot are, perhaps, the most peculiar of all of the fishes. 
or a long time considered as the linking type between the 
Lngl 


fishes and the amphibians, they are now generally regarded as 


» that originated from the stem of the Cross- 


opterygian Je/eostomes They are characterized by the absenc« 


of a connecting bone, the quadrate, between the skull proper 
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and the lower jaw. This condition, called autostylic, is found 
in the preceding group. Other characters are the modifica- 
tion of the swim bladder, in the living forms at least, as a 
breathing organ that assumes to some extent the structure of 
the lungs of the land vertebrates, the presence of tooth plates 
nstead of teeth in the jaws, the archipterygial structure of 
the fins and the diphycercal tail. At the present time there 


ure only three genera of the group living, but their wide dis- 


tribution points to a very great development in earlier times. 
[he existing genera are Protopterus trom Egypt, Ceratodus from 
\ustralia, and Lefidosiren from South America. In these forms, 
is in the fossils, the vertebre are incompletely ossified, the 
entrum remaining cartilaginous, while the upper and the lower 
irches are fairly well ossified. The major portion of the 


skeleton is well ossified, 


thus showing a condition in advance of 


the sharks and Chimeroids. 


Che Dipnot are an exceedingly ancient group; even as early 
is the Devonian they had developed most of the characters that 
listinguish them from the other fishes. While it is altogether 
probable that they originated from the primitive shark stem, the 
point of origin seems to be totally lost, for the well-developed 
Dipnoans are found contemporaneous with the earliest of the 
sharks. Of the early Dipnot, perhaps the most interesting is 
Dipterus from the Old Red Sandstone. This form had well- 
le velop d cycloidal scales, the type of the modern fish scale, 
while the sharks still had the shagreen denticles, and the Ostra- 

oderms the thick, bony, rhomboid scales so characteristic of 
the early fishes It had the skull protected by a roofing of 
dermal plates, and the teeth modified into large plates, with 
rough triturating surfaces. The plates were arranged as in the 


Holocephalt, two in the upper jaw and one in the lower jaw of 


Phancropleuron, from the same horizons in Scotland, is more 
primitive in some of the characters; for instance, the jaws are 
provided with many small, conical teeth, and the dorsal fin is 


continuous instead of being broken up into two or three seg- 
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ments Specimens of this genus are known from the Devonian 
rocks of the province of Quebec in Canada. Ctenodus, from the 
Carboniferous of England, Hlolodus and Paledaphus from Devo 
nian of Europe, J/y/ostoma from the Devonian of New York, and 
G } ind St#igilina from the Permian of Texas, are all 
characteristic forms that have been described from the teeth. 
1 sion of the Lip? , the Arthrodira are of especial 
terest, as they were at one time regarded as belonging with 
the ide in an order the Placodermi. The discovery of 
W eloped lower jaws and paired fins demonstrated that 
| ot belo among the primitive Ostracoderm, and 
rv of the manner of the articulation of the lower jaw 
to t showed that they belonged among the Depuoz. Phey 
ur the most ancient of the fishes, ranging from the 
[ ver Silurian to the Carboniferous In the United States a 
ul najority of the known remains have been taken from the 
Waver Shales of Ohio In Europe they are found in the 
1) in Old Red Sandstone of England and Scotland. They 
vere powerful, irmored, predatory forms, in many cases of large 
that must have been a match for the largest sharks of the 
tin Tr] irmor in some of the genera was between two and 
thre nches in thicknes [The armor seems to have been con- 
f t of the forms to the anterior portion of the body, 
ha to the belief that perhaps they buried the pos- 
terior part of the body in the mud and lay in wait for their prey 
rather than eking it out and dep nding on thei rapidity ot 
movement and powerful jaws to obtain the mastery. 
( feus, a rather small form from the Devonian of Eng- 
ind, one of the best known of the group It did not reach 
1 length of more than one or two feet. The anterior part 
of the body is covered with an armor made up of several 
pl ites that extend back to about the middle of the body. The 
centra of the vertebra are not preserved but the upper and 
lower arches outline the notochordal column. The dorsal fin is 
n the stage of the basals and radials and the posterior pair of 
fins is united to a distinct pelvic girdle. The armor of the 
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interior portion of the body was very hard and polished in 
uppearance, looking like the enamel scales of the ‘Ganoid” 
fishes and covered with small tubercles that were divided by the 


se of rather deep sensory canals. The armor plates were 


rely dermal in character having nothing to do with the true 


skeleton which was still made up of cartilage. One very 
peculiar thing was the presence of a very strong joint between 
the plates covering the head and those covering the shoulders. 
Chis joint must have permitted a great degree of motion in the 
vertical direction between the head and the body, though the 


purpose of such a motion is 


10t understood. The posterior 
urt of the body was covered by a thick integument entirely 
levoid of scales such as are present in the Ostracodermi. 

[The American forms of the Arthrodira were in general much 
er and better developed than the European ones. They 
ached a total length of as much as ten or twelve feet and the 
Ipture of the armor and the variety of forms presented in the 
evelopment of the jaws bear witness to the great variety of 
nera developed. The arrangement of the teeth is somewhat 
in the Dipnoans, that is there were no separate teeth border- 
r the jaws but there were dental plates that were attached to 

] 


ie edges of the jaw; one peculiar thing about the plates is that 


hey were not fixed as in the Dipnoans but were to a greater or 


ss extent movable In general the body form was like that 
( seus but the modifications of the tooth plate presents 
ery remarkable series In Dinicthys they are developed as 
irp cutting edges with a strong notch near the anterior end, 


Titanicthys as a simple cutting edge, in 7vachosteus and 
blognathus the edges of the plates were serrated and presented 


ith isolated teeth as in the 


The last of the subclasses of the fishes is the Zeleostomes. 
This group includes the old orders Ganoids and TJeleosts that 
and are still commonly met with in 


eology The main distinction between them 


have been used for so lon 
-books o 


is seen by the geologist is the presence in the Ganoids of bony, 
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rhombic scales and in the Teleosts of horny, cycloidal scales. 
It is readily shown that these characters are of the most super- 
ficial nature and the condition of one group is easily found in 
the other, still as a general thing it may be said that a majority 
of the older forms had the rhomboid type of scale and the 
modern forms have the horny type. Bashford Dean discusses 
the relationships and descent of the Teleostomes in the follow- 
ing words, p. 145: ‘Johannes Miller, when separating Ganoids 
from Teleosts, recognized clearly even at that early date (1844 ) 
that the majority of the structural differences of these forms 
were bridged over in exceptional instances; there were thus 
Teleosts with bony body plates, as well as, it was afterwards 
found, a Ganoid, (Ama) with herringlike cycloidal scales. 


} 


But he believed that three structural characters of the Ganoids 


parated them constantly from all Teleosts, and warranted the 


integrity of the groups.” 


»¢ 


Tl} Vectinon } j ] “te 
lese distinguishing Characters were 


I. A contractile arterial cone, containing rows of valves. 
I]. An intestinal spiral valve 
III. The interfusion (chiasma) of the optic nerves. 


It was not until these differences were shown to be of little 


morphol 
that of the Zeleostomt (Qwen, 1866). Thus transitional char- 


éé 


ogical importance that the two groups were merged in 


acters of the arterial cone of Butrinus were discovered by Boas. 
Che Teleost, Chezrocentrus was found to present Ganoidean intes- 


tinal characters, and the optic chiasma, as Wiedersheim demon- 


] 


strated, could no longer be regarded as of taxonomic or 


morphological value. 

[The descent of the Teleostomes, like that of the othe 
groups, has lone been a matter of speculation. Their affinities 
with the Dipnoans ere generally admitted ( Gunther, Gegenbaur, 
Haeckel, Smith-Woodward Rabl derives them directly from 
a Selachian stem, regarding the Dipnoans as later evolved 


Ganoidean forms Beard, on the other hand, even goes so fat 


as to entirely separate the Teleostome stem from that of the 


shark, lungfish, an amphibian, deriving it with a close kinship 
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to the Petromyzonts ( Marsupiobranchii\, from the earliest verte- 
brates. Palzontology, however, has lately been giving rich con- 
tributions to this disputed problem, and there can at present be 
little doubt that the conditions in fossil fishes have demon- 
strated that in most ancient times Dipnoan and Teleostome were 
closely approximated. Although even in the earliest fossils 
they may be distinguished (e. g., by the arrangement of the 
head-roofing derm bones), yet, as Smith-Woodward has noted, 
forms occur too clearly transitional to indicate anything less 
than genetic kinship. The Crossopterygian, whose ancient 
t 


ire is well known, may well have been derived from an 


strut 


ancestor common to the Ctenodont (Dipnoan) and the 
Holoptychian; so that the gradual nearing of the Teleostome 
stem to that more fixed, of the Dipnoan, is a strong suggestion 
fits derivation. The later descent of the Ganoids from an 
incestor closely akin to, if not identical with the Crossopter- 
gian, is usually conceded. Teleosts, first occurring in the 
Cretaceous, are by evidence of fossils the almost undoubted 
survivors of an extensive group of transitional Mesozoic 
Ganoids But whether all Teleosts are to be deduced from a 
single ganoidean phylum can at present hardly be established. 
rhus catfishes, or Siluroids, appear in many structural regards 
osely akin to the sturgeon; but as their fossil remains are 
icking before the Eocen« when however, they appear to have 
been in every way as highly evolved as in recent forms—little 
lew has been given to their descent. 
[eleostomes may, in the present connection, be briefly char- 
icterized in their two principal subdivisions. 
I. Crossopterygian, the more archaic group, uniting the 
haracters of shark, lungfish, and ganoid, retaining the ancient 
artilaginous fin bases, radials, and basals in their lobate fins; in 


some forms ( /loloptyhchius ), the concrescence of the basal parts 


of the unpaired fins passing through the same evolution as those 
of the paired fins. Represented in the surviving Po/ypterus 
‘Liclir”’ of the White Nile) and in the slender Polypfteroid 
mmoicthys (of Calabar), and in the extinct Holoptychius, 


Undina, Diplurus and Coela 


j 
mMCatnUS. 
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Il. Actinopterygian, the spine-finned Teleostomes. Fins 
supported by dermal rays; ancient fin support greatly reduced, 
implanted in the body wall. Includes Chondrosteans (Ganoids ) 
and Jele ephal ( Teleosts). 


Among the fossil forms of the Crossopterygians Gyroptychius 


and Osteolepis from the Old Red Sandstone of Scotland are very 
imilar to the early Dipnoans in the general appearance of the 


Sim 


bod, [he tail is somewhat heterocercal and the dorsal fin is 
divided up into segments; but the teeth are numerous and 


arranged along the edges of the jaws instead of being repre- 
g g ; 


rented by single plates Che entire body was covered by solid, 


bony scales the outside of which were covered by a layer of 
shinin enamel he anterior pair of the paired fins is 
approaching the condition in the Dipnoans, the archipterygium 

Hlolptychius, from the same locality and horizon as the last, is 
peculiar in that even at that early date it had developed the 


cycloidal, horny scales of the modern fishes, both the anterio1 
terior paired fins are archipterygial in structure and the 


1 " } 


audal fin has become nearly diphycercal by the fusion around 


the end ofthe body of the dorsal fins, the caudal and the anal. 


Lusthenerpeton, from the Devonian of Canada, is very similar to 


Diplurus, from Triassic of New Jersey, and Undina, from the 
Jurassic of England, present the last stage in the development 
[They show an amount of specialization that 
indicates the extent to which the group -had developed and the 


necessity for adaptation by its members to the most peculiar 


conditions to maintain an existence Undina was short and very 
broad [The tail is especially broad and presented a_ very 
peculiar appearance, as the end of the spinal column extended 


beyond the broad psuedo-caudal fin formed by the posterior 


dorsal above and the anal below. The centra of the vertebrz ari 
still unossified and the bases of the fins are reduced to single 
vieces of bone In both this form and /plurus the air bladdet 


d to a considerable extent so that it is preserved in the 


ivity of the body Diplurus was greatly shortened in the body 
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by the enormous development of the psuedo-caudal fin, formed 


is in the case of Undina by the posterior dorsal above and the 
inal below, with the end of the vertebral column extending ou 
beyond the two in a slender fin. The skull was relatively 
enormous and the jaws entirely edentulous 

Coclacanthus, from the Carboniferous of Ohio, is another of 
the highly-specialized Crossopterygians. The fins, scales, and 
neral contour of the body is that of a modern bony fish, and 


it is only upon close examination that the fins were found to be 


f the archipterygial type and the caudal fin formed in the 
same way as the same fin in Deplurus and Undina. 


Che Actinopterygians are separated into two groups, the Chon- 
lrosteans and the Teleocephali. The first of these groups is very 
similar in many of its characters to the Crossopterygians, the 
most important difference and the one that marks the separa- 
ion of the two greater groups is the structure of the fins. 
Instead of the lobate, or archipterygial type of fin with the 
well-developed basals and the symmetrically-arranged radials 
ind fin rays, the basals have almost entirely disappeared and the 
fin has developed the monoserial structure, z. ¢., the basal sup- 

rts are confined to the most proximal part of the fin, and 
the rays are developed on one side only of the supports." The 
skeleton is still cartilaginous and the scales are bony and cov- 
ered with enamel! 


Elonicthys, from the Permian of Europe, is a typical one of 
these forms, the body was somewhat elongate and the scales 
were narrow. Furynotus from the Calciferous limestone of Scot- 
ind, Chetrodus from the Coal Measures of Scotland, and MWcro- 


don from the Jurassic of France, exhibit stages in the gradual 


velopment of a great vertical expansion of the body with an 


ittendant shortening and flattening. In the last form there 
were developed flat crushing teeth instead of the sharp, conical 
form 

Aspidorhynchus, from the Jurassic of Solenhofen, was an 
elongate form much like the modern garpike in appearance 


‘See Fig. 2 Ichthyopterygium 
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[he body was protected by large enameled scales, and _ the 
head terminated in a long and sharp rostrum. 


>.) 


ale@oniscus is one the most important of the fossil Chondros- 
leans It has a remarkable time range extending from the Palz- 
ozoic to the Mesozoic and developed a ver) large number ot 
species It is supposed to be the form that stands nearest to 
the ancestral type connecting the modern garpikes and the 


1 


[These forms seem to have culminated in the modern stur- 


geons, in which the scales have almost entirely disappeared. 


In Acipenser a few rows of large dermal, enameled plates is all 


that is left, while in such forms as Polyedon, the spoon-billed 


catfish, the skin is entirely naked. 

\ second group of the Chondrosteans, developed mostly in 
the Mesozoic, had much more the appearance of the pure bony 
fish The scales were small and rounded, and the fins are simi- 
lar in shape and arrangement to some of the Teleocephali 
[he bones are calcified and the tail is nearly homocercal, but 
the vertebra are still unossified and the notochord is prominent. 

he modern Ama, dogfish, is a surviving member of the group. 
\mong the fossil forms are Caturus, Megalurus, and Leptolepis, 


from the Jurassic of Solenhofen [he first two of these are 


important in showing the formation of the vertebrae from the 
gradual deve lopme nt of bone in the centrum starting from the 
bases of thi pper and the lower arches In the first two of 
these forms the base of each arch is joined to a half-moon 
shaped element that is broad at the base and comes to a point 
it about the center of the centrum, the two together forming a 
ring that surrounds the notochord. In Aurycormus, from about 
the same horizon as the last, the same condition prevails in the 
vertebra of the dorsal region, but in the tail the wedge-shaped 
half-moons are completed into bony rings and each vertebra 
is represented by two of these rings (A condition that will be 
found of great interest in the consideration of the morphology 


of the vertebra of certain of the amphibia.) The beginning of 


the process of forming the bony vertebra by the growth of the 
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peripheral portion of the ring is seen in the more primitive 


forms, Microdon and Pycnodus. In the first of these the bases 

f the arches are expanded and terminate in rounded and 

lattened processes that cover the sides of the notochord to a 

onsiderable extent, but do not meet in the middle line. In the 
ond form the bases of the arches are more expanded than in 

the first and the edges of the expanded portions are serrated so 

that they interlock both with the ones immediately before and 
hind them and with the one on the opposite side of the noto- 
ord. 

[here have been mentioned here, of course, only the forms 
iat show to some extent the modifications and the lines of 
evelopment along which the Ganoids traveled. The waters of 

Mesozoic lakes and oceans were swarming with members of 
1e group that presented almost as many varieties of structure 
nd form as do the modern bony forms. Because of the strong, 

- terlocking, enameled scales the whole body of the fish is com- 
ynly preserved, but the internal skeleton is much less com- 
only available, so that the most of the forms are known from 
aracters of the scales and the position of the fins, both of 
hich characters are, to a certain extent, unsatisfactory and 
nreliable 

The 7eleocephali, the group generally known as the Teleosts, 
em to have appeared at about the beginning of the Mesozoic 
me though it did not reacha great degree ot development 


ntil near the close of that period and during the Tertiary time. 


1 
I 


[he members of this group differ from the other forms of fishes 


the complete calcification of the bones of the body and the 


nearly complete loss of the notochord by the development of 
the solid vertebra which divides it up into intervertebral seg- 


ents. The scales are horny and rounded, loosely attached to 
the skin and overlapping in the style of shingles. The fins are 
med almost entirely by the dermal fin rays, the basals, and 
the radials being greatly reduced. Dean says, p. 167: “ Fins 





ire dermal structures, their ancient basal supports hardly to be 


distinguished; the primitive tail structure is so masked by 
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clustered and fused elements that its heterocercy is scarcely, 
apparent In short, the most widely modified conditions can be 
shown to exist in Teleosts in almost every structural character 


as in gills, teeth, oper 


ula, ci 


rculatory and urogenital organs 


sensory structures and nervous system. They have evidently 
been competing keenly in the struggle for survival, for in every 
detail of form or structure the most varied conditions exist. In 
iddition to thes 


structural adaptations of the Teleosts, changes 


in coloration have been rendered possible by the transparen¢ 
of their scales; and in their different families these chang 
have taken place often with striking results.” It is impossibl. 


to go into the forms of the 7e/eocephalt, for they are so many 





ind varied that there is no outline even, that the limits of the % 
purpose of this paper would permit. A study of the fossil 
Teleosts would be practically a study of the osteology of the 4 
rece t tor Ss 
I i 
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EDITORIAL. 


My attention has been called to a footnote, appended by one 


your number, to a notice of mine, relating to Zirkelite, which 


reads as follows: ‘“*The prior use of the name Zirkelite is 
rtainly established, but it is a question how far a petrographer 
A 

tified in stigmatizing the name of a fellow-worker by 


iching it to an indefinitely decomposed and ill-defined rock.” 
NAL OF GEOLOGY, 1898, Vol. VI, p. 200. ) 
It would seem but common courtesy for another “ fellow- 


3 rker’’ to ascertain the truth of his words before he takes 


intage of his editorial position to publicly brand another as 
of an action so low that it ought, if true, to forever ostra- 
iim. I have differed on some points from Professor Zirkel, 
h in far many more I agree with him It would seem that 
tinos pt that I} he cou ce n! 1} -ab] 
writings prove that lave the courage to openly and honorably 


ress my convictions, and that I do not have to resort to any 


vile and disreputable tricks as that your associate plainly 
falsely charges me with I should despise myself if I did, 
should expect to be shunned by all decent men. My war- 


has ever been open, frank, and honorable, and I have neve1 


- 


spite and secret efforts to injure another. 
ontentions have been for what I honestly believed to be the 

th, and when I have been shown to be, or found that I was, 
iken I have never hesitated to public y ae knowledge it | 
never taken difference of opinion as any cause for personal 


nor have I ever seen any reason why parties thus differ- 





should not be the best of friends 
I gave the name Zirkelite to show my respect and esteem 
the honored name of Zirkel, and to prove that, on my part 
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at least, there was nothing except the kindest of feelings towards 


him Everyone who has worked in the field to any extent 
amongst the older basaltic rocks, ought to know that specimens 


of Zirkelite can be collected by the thousands, and that the 
rock is no more ‘indefinitely decomposed and ill defined” thar 
are the great majority of the rocks designated by specific names, 
and that it is more common than many of them. 

If my fellow-workers will give the name decent treatment, 
the rock will perpetuate the great name of Zirkel when his wor! 
ind that of all of us shall have been nearly or quite forgotten i 
the bright light of future progress I ask you, as gentlemen, to 
give my absolute and un jualified denial of the truth of your 
associate's statement just as wide and public a circulation as yo 
have given to his outrageous and unjustifiable libel. 

Very respectfully yours, 


M. E. Wapswortu. 


M AN MINE 
NI | 14, 1897 
* 
x * 


] 


AN error was introduced in the scale of the map facing | 


250 of the last number of this JouRNAL in the photographic 


reduction for which the author was not at all responsible. The 
scale should have read: Horizontal, 1 inch 3 miles Vertical, 
1 inch 201 feet 
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VAN HISE’S “PRINCIPLES OF PRE-CAMBRIAN GEOLOGY.” 


’ | 

2 For some years investigators and teachers of dynamic geology 
: ve needed a revision of the theories of Dana, Fisher, Reade, Dut- 
7 Kelvin d others, with reference to rock deformation The 
cations of Van Hise are a contribution to such a revision, and 

urticles in preparation by him may probably summarize existing 

wledge d current theory in a form, which will be a material 

agavance 

sy training, experience, and bent of n ind, Van Hise is fitted for 

e task \s assistant and successor to Irving in the geologic investi- 


ition of the Lake S iperior iron re gion, he has solved the most diffi 


cult problems of the older rocks In microscopic petrography of the 
st ne schists and allied formations he is a leading authority. In 
yscure stratigraphy and complex struc tural relations he has had much 

x perience His base of observation has been broadened to include 


important districts from the Pacific to the Atlantic, and the classic 
ycalities of Eur pe 


The Principles of Pre-Cambrian Geology is a work intended ‘ (1) to 


ve a partial discussion of principles applicable to geological work 
yng the pre-Cambrian rocks of North America, and (2) to give an 


storical account of the North American pre-Cambrian, and to point 


AREY SOS EE nee mere 


llustrated in the various regions.” 

In Part I the author discusses (1) movements of rock materials 

ler deformation, (2) inalysis of folds, ( 2) cleavage and fissility, (4) 
oints, (s) faults, (6) autoclastic rocks, (7) metamorphism of the sedi 
ntary rocks, (8) metamorphism of the igneous ro¢ ks, (9) phenomena 
f stratigy ip! J 

Part II describes the facts of historical geology in general for the 
\rchean and Algonkian periods, and in partic ular for ten districts of 
the United States and Canada in which rocks of these ages occur. 
There is an appendix on “ Flow and Fracture of Rocks as Related to 
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the subject by 


of “ Umformung durch 


was necessary less than 
ld present laborate argument to show 
sotteninyg t rocks might be deformed 


conditions. He had 
f folded trata. Van 
Xpre ssion 


th 


when rap 


boundary 
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1 different 
rock under 
combined fracture 


weight 











zone in which all flow. 


in Hise first describes clearly the phenome na ofa 
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between an upper zone, in which all rocks 


is well as Heim, had anticipated the conclu- 


eneral recognition of a zone of fracture and 





e and flow, with which geological observation 
» deal. He contributes also a closer analysis 
uppermost and lower zones Che develop : 
cias, the production of folds by opening of 4 
ire, the association of deformation by fracture i 
e same zone, the adjustments of form by which 
1e disappearance of folds in depth, and finally 
ne of flowage, are clearly and critically dis- 
s base d upon a ciass fic ition by de Margerie i 
1888, but their ideas are amplified, ind acom- 
ipabl of ine luding ill types 1S developed by 
of the complex nature of folds. ‘The author’s 
vides flexures into simple, composite, and com 
ls are single anticlines and synclines, which 
manner as upright, overturned, o1 reculm 
| or unsymmetrical folds But Van Hise 0 
1 OF any magnit ide is complicated by minor 
again by still smaller folds, and so on to 
the wth order When thus considered, the 
ied compos teé ( omposite folds of the first 
” 
1 by Dana as geosynclines and geoanticlines, 
points out, are due to combined action of 
‘ © 
In the discussion of composite folds they ; 
nd abnormal, and the basis of classification is 
nee or divergence of the axial planes of the 
I normal anticlinorium the axial planes of 
roe d wnw ird ind diverge ipward, whereas 
the axial plan s of the secondary folds 
verge downward No € xceptuion can be taken 
matter of fact, but s a scheme adapted to " 


il discussion it may not be generally useful, 


S speedily confused by the repetition of the terms 








applied to anticlinoria and 
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nclinoria of the various normal and abnormal types. Even one toler 
ly fam r with the pects of folds must stop to draw a diagram 
betore e can remember what the definition of a given type is.’ 
\ definition of normal and abnormal folds, which may appear 
pler ! be based on relative dips ind depths of folds. It 
depends pon i law tated by Hleim., which is that from a normal 
nticiin tratu dips nore steeply toward that syncline into which 
t descends to the greater depth hereon we may phrase the defini 
\ no fold is one in whic the steeper dip is toward the deeper 
yneline of the same order, whereas an abnormal fold is one in which 
the steeper dip is toward the shallower syncline of the same order. 
lV} definition has one idvantaye ove! that stated by Van Hise. 
It elated to the initial conditions which determine the positions of 
folds and the normal or abnormal development, whereas the axial 
planes are mathematical conceptions only, without a¢ tual existence 
he relative depths of synclines and tl 


ie steeper dips are frequently 


1 ¢ ni | stages of deve lopment of folds, and persist 
s controlling conditions In any littoral zone the steeper initial dip 
is usually from the land toward the sea rhe resulting steeper dip 
fter defo tion | 


1 NOS a corre sponding relation. 


luces a new use of the common term “mono 
ipplies it to describe ‘that structure of a mountain 
ial planes of all folds are inclined in the same 
issing “‘monoclinal structure” he discriminates 


folds and underthrust folds as follows, page O21 
‘In onoclinal structure the force, and consequently the move 
ment of the strata have usually 


been supposed to be more largely from 
one direction than from the other, and the axial planes of the folds 


ive usually been regarded as dipping toward the force.” 
After reference to tl 


the ideas of H. D. Rogers, Van Hise continues, 


1 general expression of 


y be phrased as follows In a normal fold the 
x pla “ with reference t ve arc which corresponds to the 
curv f nt n vi ! im In an abnormal fold the axial planes 
nv ntrica 
yy | 231-233 


) DI : wultit intis and Hayes, Am. Jour. Sci., Vol. 
XLVI, Oct 1s 





Syma 


sec ciadl- risen 
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‘Folds thus prod iced by upW ird differential movement may be 


called ‘overthrust folds.’ The axial planes dip toward the effective 
stress, hence rthrust folds are t/ n which the axial planes dip 
foward the for producing them While the de velopment of overthrust 
folds is the general law, it may not infrequently happen that under 


favorable conditions the beds or formations may be thrust forward and 


downward lhe folds thus produced by downward differential move 
} a lore} ‘ ] ’ } ] 

ment may be called ‘underthrust folds. he axial planes dip away 

from the effective stress, hence niderthrust folds are those in which the 


1g them.’ 
The ide 1 ol Rog rs that deformation proceeded by a wavel ke 
motion, which, in the case of the \ppalachians, emanated from the 


\tlantic region, is firmly fixed in geology without being sufficiently 


i ee ok se sei 
— 
> 
> 
> 


istified by facts \ppalachian structure in many districts presents a 
monoclinal inclination toward the southeast. If it be overthrust, the 
effective force operated from that direction If it be underthrust, the 

fk effective force acted from the northwest. here is nothing in the 


monoclinal relations of folds which will determine that alternative. 

heoretically, the geologist is at liberty to infer overthrust in prefer 
ence to underthrust or 7c rsa, but an hypothesis of the origin of 
force based upon that inference is of no value. he analysis given 
by Van Hise leads him to the conclusion that the monoclinal folds 
ind cleavage which prevail in the crystalline areas of the Appalachians 
are due to an effective force from the southeast, but that conclusion 
cannot be considered as demonstrated. Indeed, other geologists 
ipproaching the problem from a different point of view are justified in 


reaching the reversed conclusion. 

It may be suggested that compression, which causes strata to fold, 
is a force of gradual accumulation, that is, of such slow growth that 
the pressure is transmitted through a rock-mass of indefinite extent 
until movement ensues. Such movement may probably begin at a 
point determined .by local conditions, and may continue in a dire 
tion determined by the least resistance either as an overthrust or 
an under-thrust. In that view the more effective force is simply 
that which is opposed to the less effective resistance, and the hypoth- 
esis of a wave-like influence emanating from a distant source is 
unnecessary. 

Complex folds are defined by Van Hise as those canoes, basins, 
other. 


and domes which result where two sets of folds intersect each 














epoc 


REVIEWS 


ids may be prod iced simultaneously or at distinct 


9 more thrusts in diagonal directions or at right 


\r wo diverse thrusts inclined to each other may be resolved 

» forces at ght angles, which will pre duce complex folds: if, 

e divergence of the two thrusts is moderate, their effect may 
ined to produce is uple ystem ol parallel folds. 

e two rusts producing complex folds, one is usually the 

the other the minor thrust, and the system of composite 

wl ne the other vive rise may be described accordingly 

r the inor system the length of canoes is propor- 

the difference in power between the major and minor thrustse 

) hrus greatly exceeds tne minor, the comple x folds will 

I yw, and parallel; if the two thrusts are nearly equal the 

be dome ind in 





of complex folds Van Hise refers to the Appalachian 





reference, perhaps, ré res qualification to modify its 
ener ipplic yn to the whole provinces Districts of New England 
d Nor rolina do exhibit complex folds which are markedly 
\ ped e direction of the nor as well as of the major thrust, 
tl \ppala n Valley region from New York to Alabama the 
folding scare ippears to be complex Van Hise cites the undula 
pitch of the xes as evidence of a pressure from northeast to 
uthwest e pitch 1s to sot e degre due to variations of initial dip 
id the depression of synclines in folding There is no crenulation 
i the or t K¢ ich $ night be expected to result trom a trans 
verse tl If t me of typical Appalachian structure shall be 
\\ » i pilex in the sense in which Van Hise defines the term, 
e wil | Y dre on » ass ie ft complex folding is the 
eral rule nay probably be so 
Van Hise’s extensive experience in the study of complex structure 
bles | ) £ pi ictical methods to the manner of determin- 
whe ‘ e rocks of the district are complexly folded and in what 
ne hese gestions relate tothe manner of making certain 
ce \ | vation which he s up iS [TOLLOWS 
I ‘Det ne re trike nd d p ol the strata at the viven point. 
These giv e re nt position of the strata as tilted by the force. 
I d ¢ | th direc I 
Dete le the direction of the pitel of the axes of the major 





second is the amount 





Paros 
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4 Deter nine the 
he first is the ¢ ect 
e maior fold The 


direction and pitch of the axes of the minor folds 


on of d Pp, ind the second the mount ot dip ot 


re strike is therefore also determined.” 


that of these three observations the 


« ie the onl ne ordinarily taken, and it is the one of least impor 
ee 1 regions of close complex folding It becomes obvious in 
L considering | practical suggestions that a thorough knowledge of 
[ the phys raphy of vion and the relation of relief to structure 
é nit r + f t} lut | ld 
quite as portant for the solution of complex folds as Is a knowl 
edge of the rocks 
{ Con d no the er n relating to fold ng, \ n Hise considers the 


nt format 


fr uncontormity wi 


‘ eariler series exnill S 
that of the later series 

In Sect [lI Van 

of the o n of cleay 


to Becker. discrin nate 


his own extensive obse 
hose conclusions whi 


trict sense “as a cap 
I 


phenomenon secondary 


concludes (page 635) tl 


- Ro k ( leav 
with their longer diame 
direction, and that this 


ing and parallel rotatio 


1 


positions of random ori 











rocks by virtue of which 
n a state of nat r 
Citing 


microse opie il 


e is due to the arrangement of the mineral partic 


ding as an evidence of unconformity, when not 
nomena \ discordance in the flexures of two 
be bsolutely rel ed upon as evidens e 


the structural discordance is so m irked that the 


relatively complex structure as compared with 


Hise considers cleavage He grasps hypotheses 

idvanced by other geologists from Phillips 
s between them, amplifies their basis of fact by 
rvations of the crystalline schists, and states 
h he finds valid He defines cleavage in a 
icity present n some rocks to break in certain 
than in others.’’ This use of the term is that 
s. He distinguishes fissility as a 
to cleavage, fissility being ‘a structure in some 


ey are already separated into parallel laminz 
study of cleavable slates and schists, Van Hise 
les 
ters or readiest cleavage, or both, in a common 


arrangement is caused, first, and most impor 


tant, by parallel development of new minerals ; second, by the flatten- 


n of old and new mineral particles; and third, 


and of least importance, by the rotation into approximately parallel 


is therefore 
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From these observations follows the inference that cleavage develops 
na plane normal to the pressur¢ The grounds for this inference are 


discussed at some length and the iuthor’s Opinion 1s finally stated 


‘I therefore conclude from analysis, from experiments upon viscous 


ind plastic bodies, from observations in the field, and from studies 
with the microscope, that I an ustified in the statement that the 
secondary structure of a rock which is deformed by plastic flow develops 


the plane normal to the greatest pressure, and that this structure is 


From the observed parallelism to the inferred normal relation to 
pressure tep in hypothesis lo this extent the conclusion falls 
hort of demonstration, but it is in accord with the opinions of 
eminent students on cleavage, and is supported by mathematical 

ysts, with one I rked exception lhe exception 1S Mr. Geo. F. 
Becke 

It been maint ned by Becker that cleav ive ilways develops in 
two shearing plane t angles to the pressure His method of arriving 

con on may best be indicated by a quotation from his 
cle 

‘In the following pages the attempt will be made to develop all the 

nifestations of uniform or homogeneous finite strain in roc k-masses 

rded Ss sotropic, ¢ xhibit ne viscosity and « ipable of flow, which 

can be elucidated wit] ssuming a law connecting stress and strain. 
For tl purpose finite strain must first be discussed by itself; then it 
be considered just how far the relations of stresses are capable of 
coérdination with those of strain Che influence of viscosity and 
solid flow must next be shown Readers willing to assume that these 
ects have been lovicall treated will probably skip them and pro- 
ceed to the geological applications which follow Finally, the results 
W ve compared with actually observed phenomena and with the 


xperiments which several investigators have made on slaty structure.” 
lhe method followed by Van Hise is that of induction from the 
facts, whereas Becker pursues that of deduction from general principles. 


Van Hise does not deny the validity of Becker’s reasoning nor its general 


pplication He describes the development of fissility and jointing in 
e zone of fracture as in accordance with Becker’s view. But he con- 
I te Hl ‘ Strain, I Ww, al Kupture of Rocks, by G. I BECKER, 
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cludes that in the zone of flow another process is effective to product 
cleavage ; namely, special orientation of minerals and particles. 
Fissility is defined by Van Hise as a parting of a rock along shear- 
ing planes, which corresponds with the structure described by Becker 
e It is obvious that a capacity to part in a certain plane 
(Van Hise’s cleavage) may often coincide with an actual parting 
developed later If the capacity to part be a structure developed in 
the deep zone of flow, it is most probable that the actual parting 
be developed In rising through the zone of fracture, as any 
rock mass must to become accessible to our observation Hence 
irises the opportunity for contusion of the two structures, according to 


Van Hise, but discriminating the one from the other he concludes that 


Fissility developing in the shearing planes is usually secondary to 
cleavage which deve loped in the normal planes.”’ 


he relations of cleavage and fissility to bedding and to folds are 


discussed at length, ind the value of these structures as criteria for 
determining unconformities are stated and limited. 
With reference to joints Van Hise’s discussion is along lines logi 


cally consistent with his views of folding and also of fissility. ‘Tension 


oints may be produced I dially to the curvature of folds : this 
phenomens he rightly considers important as a means of accommo 
dation to curvature in the zone of fracture Compression joints 
develop in shearing planes, usually in two directions, and when 

ociated with simple folds generally parallel to the strike. When 


tO ding Is complex different sets of shearing plains may correspond to 


SUriK¢ yInts 1d a p-joints but the association of three or more joint 
stems may | robably be the result of several orogenic movements. 

I its S e « ssified s tension faults and compression faults, 

it recognizing the dominant influence of gravity or of thrust respec- 


tively, Van Hise well prefers to distinguish them as * gravity ” faults 
nd “thrust” faults. The former is equivalent to the old term 
‘normal,’ the latter to the inaccurate designation “ reversed ”’ fault 

In discussing the relation of faults to folds it is stated that under 
noderate load thrust faults may result as clean cut fractures, whereas 
inde! reater load they may be associated with overfolds, and at still 


reater depths overfolds may develop without thrust faults. 


] 


his statement might be well supplemented by t 


he further 


explanation that folds may give place to thrusts on diagonal planes in 


the deep zone of flowage. [wo conditions are essential to folding 














$25 REVIEWS 


first, that the stratum shall be sufficiently rigid to transmit a maximum 
stress in a definite direction ; and second, that movement on bedding 
planes shall afford a means to adjustment to curvature. It is an open 
question how far these conditions are effective in a deep zone of flow 
In the opinion of the reviewer neither of them exercises a dominant 
nfluence Distinctions of stratification may become insignificant 
under excessive pressure, and great friction on bedding planes may 
prevent accommodation, and the mass may be deformed by dislocation 
n the diagonal planes This is illustrated in model J, Plate XCIII, 
stages f to &, * Mechanics of \ppalachian Structure.” The accom- 
ion of the soft material to shortening in one direction and 


elongation in another is there accomplished by the reciprocal dis 


placement of wedges, which are defined by planes diagonal to the 


applied force Chis explanation is briefly suggested by Van Hise in 


subsequent paragraph on the depth of the zone affec ted by faults, but 
he fails to emphasize the idea that while thrusts developed in the zone 
of fracture pass into folds below, folds in turn may be replaced by 
thrusts at still greater depths he relation is important.” 


Comparing the effect of few great structures with that of numerous 


sm ill ones, \ n Hise cone lude S 
The average deformation of a region may be the same whether 


1 


it be by a few great faults with little or no fissility, by more frequent 


lesser faults with or without fissility, by faults and overfolds with or 
without both cleavage and fissility, or by folding with or without 
faults and cleavage ; alsothat there is every gradation between faulting 
and fissility, and probably every gradation between faulting and 
cleavage 


In Section VI, Van Hise discusses dynamic breccias and pseudo 
conglomerates under the generic term of “ autoclastic’”’ rocks, which 


was first used by H. L. Smyth lhe development of autoclastic rocks 


s limited to the zone of fracture and they are not of common occur- 


ence in strata vounger than the Cambrian. But where they occur in 


rocks which have undergone repeated disturbances the resulting 
dynamic breccia may so resemble a basal conglomerate as to lead to 
an erroneous inference of unconformity In the discussion of these 
cases Van Hise inadvertently illustrates with what remarkable care and 
patience the geologic study of the Marquette district has been pursued. 

Metamorphism is treated in sections VII and VIII, with the purpose 


‘briefly to skete 


few of the more important processes which have 
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iffected large areas of the pre-Cambrian rocks of North America.” 
Uhe thor recognizes pressure, heat and chemical affinity as the 
prominent forces producing metamorphisn When pressure is resisted 
vy Tigiaity, 2. e., produces only molecular motion, the result js static 
( Or] Ss! > when pressure passes 1ntO mass motion the result is 
4 dynamic etamorphism Che chief processes considered are consoli 
dation, welding, cementation, injection, met isomatism, and mashing. 
7 , 
In discussi1 YF ce entation nd inject on the author takes up the 
; vin of p vl es nd Says 
} It se S ) e that t de juate ly explain all the facts ot pegmat 
n descr ed various regions of the world, we must conclude 
ree processes have bee n it work In some cases igneous 
ctio1 n l€ Cases aqueo-igneous actio nd n other cases pure 
water cementat I nd in s others combinations of two or all of 
ese proces It s further be eved that there may be ho sharp 
sepal t1o but ( trar I gradations etween the three 
I t 1s Cis tl ¢ nig! pro e that under suffi ent pres e and 
t hig té pe re re all gradations between heated waters 
cont ng ( nate lin ition and a magma containing wate! 
1S t In « vord nde proper conditions w ter and liquid 
ck are ( proportions kre the water solutions true 
pi vn ( or ct ient ) vO d t K¢ p ice from the rock solu 
t true ec n Pegi O! may comp! S€ these and the 
I I a e proce Ses 
Ne sO ~ Ss desc ber wit ete ce to (1) alterat on ot 
orig ne | ticles, (2) mine S produced by lterations, ind 
(3) texture of rocks produced.” ‘The brief statement of facts familiar 
» petrog | vest » breads spects oF ¢ Im parative 
Mas ne S ter re itroauced w Lt specific neaning It 
S¢ ] ( vn r gle word that complex process which 
ivolve rtening without change of vo e, or simple shearing, 
Or comp tion of the two Mas] Ing | pl es all the other special 
roce es of met rp 
Having thus considered n general the processes of metamorphism 
Van Hise « fies me norphic sedimentary rocks according to those 
processes Which have been parti ularly effective in the development ot 
each class lhe enumerat on of 1 k t - relation to conditions 
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are treated 


separately, though briefly, 


between originally sedimentary and 


ire discussed with the insight due to broad 
lties of discrimination are suggested in the 
previous pages that a large number of kinds 
" e pi rduced b the metamorphism ot 
has been shown that similar crystalline 
om igne¢ rock It is further certain that 
derived partly trom sed mentary nd partly 
I ne etamorphosed fissile sediment 
st o1 ( S be injected in a com 
plat ot ( t t) nd thus produce a 
‘ yneous and part of which is sedi- 
| pred ninant ot ther one of these 
( ‘ rock be subse juently folded, 
ents p el to the banding, and 
( be erved nto one another and 
I S possibD to determine what part 
D t ] The Mat ttan schists 
d espec near Lon Island Sound, 
‘ » * luced | the extre e meta 
( na the ~ s¢ juent p ralle nd 
( ir t ) ble chist or gneiss 
t tere trusive rock rol tered 
te ( liment nada trom any\ possl 
\ ( on Ss re ot vel complex 
ce ed tne previous pages, 
¢ ted rd t leit 1] 
e¢ 1 order! O eCXp in Lil 
‘ t torn tions deduced tor pre- 
‘ e phenomena of structure and 
oO! det ? % Ss becomes in 
y ' tact ot ¢ eT ition S t may be 
ved \ Hise, therefore, gives strati 
e e of discussion of principles 
\ ( e obvious in unaltered series 
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director of the rve to publ SI n educational series of folios, for 

her ' ranhy tan t in } } } le} nd a 

e whereve vyeoyvrapny Ss taught n yh scnoots, academies and Col 

eve hority for such publication hay ng been granted by Congress 
rn ( pp oved NI rel 2 Idos 

The following title represent the contents of this first folio \ 


v lit nountain 
\I S t ( Moraine Eagle Wis Drumlins Sun Prairie 
\\ | | vod | l Donaldso e, | \ fiord coast Booth 

Mi \ barrier-beach coast Atlantic City, N. ] It may well be 
( ed t t port nt sel . oF nteresting series of aps 
‘ ( ‘ ( ( ele el I eX] tion oft pl ysioutl p ( types 
| t t encouray u » teach of yeoyrapl to find so 
thie eric f folios w prove Sucl pub cation 
( | ( t et peen rece ved n any 
( ( é ethnoc ot ode phy vl yhic aesci pt on 
| recog ‘ ‘ T t ce { ure fd ed 1 nad move 
\ ( ree t n l t ere ot explain ny 
( | t | ot { | tf desc uv ‘ present toru 
Wit © tex \ cl cleat a I) I ‘ cert niv within 
e rena ot ‘ ye t ( ( ot ‘ ects ipon whom the 
per ad ) ot ving tear yeourraphy so often falls 
low ‘ ter re emploved are f vy explained he 
‘ tt ‘ ) i ttle ‘ nad ovement are touched 
ip | | | thie ( “ i waited W } ! cn 
ere 
Wher ‘ vood vives revret find the text of one map ope! 
ad ¢ ‘ tic é ct t t thie oot Bay sheet needs 1 \ 
ey r ‘ ( ( ‘ s described having been 
‘ a ) jue é Ol whict bre iyht it to a 

‘ dition of ( ve with vent wing streams, smooth slopes, and 

ded divide | ‘ tace ( need the Great Northern 

(sla a} ceeded nodit t t difficult for the reader of 

| i t tex \ aq com ( y { twhen southerl Maine 

W p eda ad ( ol t Ww be t s flat Ss ine 

I _ ¢ ype old ue nd that ts narked relief 
mdaAa\ e! tor gs ( ert oO! nere s. on the contrary, good 
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ished author in his later years 
such errors as the progress of 
time of deferring almost rev 
ior, Dr. Rice ippears to have 
igh some further eliminations 
1, though not absolutely aban 
tic overthrown, might have 
ca tea 
mad G . , Vol | 45° pp 
SEWARD, University Press 
d to welcome ’rofessor 
t vi e of whicl } s recently 
the f ir Cambridge Natural 
ext e than the others It S 
eobotany had previously appeared 
th botanists and geologists and 
I Hence it is i pleasure to read 
ded for both botanists and geolo 
) ‘ non veolog sts and non 
t neither « ass, aS al 
el e first cl ipter contains a 
nw ( the author gives speci il 
n ( ipter vives the relation 
{ Professor Seward tells how 
by the geologist and the botanist, 
to correiation Of strat the other 
t s to phylogeny and evolution 
eobotanyv as science ot nd for 
\ the determination of the 
ogical time the delineation of the 
do viving | cht on phylogenet < 
various flor ireas of the past, lead 
ribution of plants in the present 
nd other conditions in rer logic il 
ir cert n pecuilal plant types nd 
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\ fe of e book tl mportant fact ve been culled 
of unimport terial; and by no means least in 

‘ i¢ tie I rae | I ctu eadabk even 

‘ ri ec ‘ ¢ t if he cares tor such 
f ne whi ds the first ve ew nxious wait 


‘ ‘ col ce the 1 dice oft Gree nd 
( co ct he s I Cs 
now lec e ¢ t obstacies an ce cond 
te ‘ Cree ) t t the test tf act se certain 
Ss uls é ent t ce suc scientific observations as 
’ ¢ if S t the ter t s far as possible (Paper 





' 
4 \tta ent ol reater ele ition t n ever before reached on 

the ul enetration a reater distance than any white man previously 
t I ent lor first t e ¢ the rea terior | uteau of unchangit snow 
eter t r characteristics of the ind ice from border to inte 
' r (sec irticle j } ] ( ‘ Ni 3, 1586 P|] 2df 2506 secur 
i valu e f 1 of definite practical knowledge and experience of 

ict r litions and necessary equipment, as well as practical know] 
‘ tf Arct Lv n anda tan irity with a considerable extent of the 
\rctic coasts; inception of ideas of pronounced future value, as odometer, 
ulls, ete e following deductions Attacks upon the nland ice should 
be made ata} nt as far above evel of sea as possible, and where the pres- 
ence of large and rapid dischargit iciers indicates a rapid ascent to 
} elevatiol n close proximity to coast; party should be smad/, and thor- 
iccustomed to snowshoes and ski; surface of iniand ice offers impe- 

rial | hway to east coast, and, in case the ice-cap is coéxtensive with the 
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1SgI—2 Most of our readers are 

‘ t northern portion of the great 
( ead this thoritative statement by the 
\ Ire ere d tistac ( The itnor 

( na re ot expec ( S TOLLOWS 
I iti f the rther t ot (reel nd overland 
t Ss i ca e! e to the I r the stud ol 
s s:- the secur I r ra ( nd meteoroiogica 
eter of the northern extensi nd the insularit 
the de eatic the northern extension of the greater 
ery of detached ice-free land-masses of less extent 
e detern of the ray convergence of the CGreen- 
e sevent n t aralie the observation of the reiet 
ree n n i l ce the ade eat r the 
| etie ( f ind the erfectly k wn shores of 
S( S e dis vel of a large number of glaciers 
e: the fir r ete and accurate recorded information 
S 1 tribe ft Arcti Highlanders (Dr. Cook) com 
meteorok " d tidal observations (Verhoeff); 
( sun i respect tothe distance covered by two men 
eginning to en ind in respect to the effectiveness 
r were a et handle a irge team of | skimo dogs ; cor 
idvanced that the inland ice offered an “ imperial 
wit I ve of the expedition of 1893-4, which 
ccount of the great equinoctial storm encountered, 
ve been without a recorded parallel even in that land 
ind that proved disastrous to the undertaking. 
lal narratives ol! special interest are the stories of 
the great Cape York meteorite by Peary and the 


Iville \strup. In this part are also 


, , , 
meteorological observations oO! 


of the visitation of the Fadcon, 
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the return of the larger part of the party, the voyages of the fall and 


t 


the winter, and the story of the third winter passed in the high north. 
Che climax of sympathetic interest is reached when Peary comes 


to tell of his second crossing of the ice-cap in the face of unusual dif 


n by which he escaped several threat- 


¢ 


ficulties, and of the scant margi 
ened sources of disaster. The objects and results of the expeditions of 


1893-5 are summarized as follows 


Objects The delimitation of the detached lands lying north of main 
Greenland ; the fill 1g gaps in the northern and north- 
eastern coast e of event of favorable conditions, an 
attempt upon the | of the detail survey of the Whale 





Sound region ; continuation of the studies of the Smith Sound Eskimos; the 


discovery of the “Iron Mountain. 


f the inland ice-cap of north Greenland under 





sufficient provisions; the completion of the 


f 
Sf 
J 


f Whale Sound: large accessions of material and information 


connection with the Smith Sound Eskimos; the discovery of the ‘ lron 
Mountair or Cape York “ Saviksue and the bringing home of two of those 
nterestin meteorites 

The work i completed by the narrative of the two summer voy ives 


ide in 1896 and 1 S97; whose chief object was the bringing home of 
the reat ( ipe York meteorite, which was successfully accomplished 
by the latter expedition 


lhe work is written in clear and graphic style, and the story is 


followed with ease and satisfaction by the reader Ihe narrative moves 
forward at a steady and rather rapid pace, and is unusually free from 
tedious passage The size of the work is not due to needless deploy 
ent of det or the introduction of much subjective matter. It is 
erely an expression of the great amount of work which Lieutenant 
Peary has done His aim has been, as stated in the preface, to con- 
dense and to avoid all padding In the main he has avoided exploit 
ing his feelings, a practice quite too much the fashion with Arctic 
explorers When he has given them expression it has usually been on 
occasions that specially invited it, and then with brevity and good 
tants 
lhe scientific reader will of course wish that the natural phenom 
ena of that wonderful region had been set forth with greater detail 


nd with more special reference to their scientific bearings, but this 


would doubtless have been less iccept ible to the great mass ot readers 
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for whom the work was written. There is a hint that the scientific 
results will be specially treated in some later work. The scientist will, 
however, find this work rich in phenomena of the highest interest, not 
less in the illustrations than in the text. No work on the great white 
north has ever been so amply and so accurately illustrated as this. 
I'he 800 photographic illustrations tell their own story. Lieutenant 
Peary was as fortunate as he was industrious in making an unassailable 
photographic record of his explorations. Neither storms, dangers, 
nor stress of circumstances seem to have stopped the work of his 


} 


execution of the half-tones, 


evel present kodak. The mechanica 
while in the main fair, yet leaves something to be desired. Their 
extreme value would have warranted the use of the best available paper 
and of the utmost skill in printing. Their execution is sufficiently 
good, however, to lend an inestimable value and interest to the text. 
eS 


United States Geol gt Atlas, Folto {7, Sonora, California. 1897. 
Ihe folio consists of seven pages of text signed by H. W. ‘Turner 
ind F. I Ransome, geologists, i topographic map of the district, an 


historical veology sheet, an economit geology sheet, and a structure 


(he quadrangle represented in this folio lies between the parallels 


of 37° 30° and 38°” north latitude, and meridians of 120° and 12¢ 
2 west longitude [t comprises a portion of the western slope of 
the central Sierra Nevada, chiefly in the foothill region. The quad 


rangle covers portions of ‘tuolumne and Mariposa counties, in¢ luding, 
also, corners of the valley counties of Stanislaus and Merced. The 
irea is drained chiefly by the ‘Tuolumne and Merced rivers. 

lhe formations are divided into two main groups The bedrock 
series, and the supe! icent series the bedrock series is composed 
of Juratrias and Palzwozoic sediments with interbedded lavas and tuffs, 
ind a series of old igneous rocks, chiefly quartz-diorites, serpentine 
derived from peridotite, and porphyries. The Juratrias rocks are 
chiefly clay-slates with some sandstone, and are called the Mariposa 
formation, since the characteristic Jurassic fossils of the formation 
were first found in Mariposa county. The Mariposa formation is 
represented by three distinct belts of slates, the most eastern belt of 


which is remarkable as containing in part the gold-bearing veins of 











142 REVIEWS 


the mother lode. The Paleozoic sediments are called the Calaveras 


formation. The oniy evidence of the age of this formation in the 


J 


t yf the quadrangle consists in rounded crinoid stems found in 
limestone on Mormon Creek, but the formation is stratigraphically 
continuous with the Calaveras formation of the Jackson and Yosemite 
quadrangles, in both of which Carboniferous fossils have been found. 
Che pre-Cretaceous rocks in general are very similiar to those of othe 


portions of the Gold Belt, but two rock types occur here that are rare 


¢ ewhere hese two types re certain soda feldspar dike rocks, called 
sod syenite, and a hornblende pyroxene rock. The soda-fe ldspar 


dikes occur chiefly along the mother lode and at many points have 


, | 1 _ 


been altered by mineral solutions which have deposited calcite, 


dolomite, py te and some gold and silver East of Jacksonville, at 
Kanaka Creek, and east of Moccasin Creek, these dike rocks have 
been extensively exploited for gold The soda feldspar dikes (soda 
enite) of the Sonor juadrangle re practic illy the same as the soda 
enite which forms the lode of the Treadwell mine on Douglas Island 
\ SA Lhe hornblende pyroxene rock, ibove referred to, 1S 
chiefly remarkable as being apparently unique. The hornblende 
forms porphyritic crystals in a finer ground mass of augite and horn 
« ice 
(he superjacent series is composed of Eocene beds, Miocene beds, 
ndesitic sandstone, auriferous gravels, and various lavas. All of the 
«ks of the bedrock series were greatly eroded during Cretaceous 
ind early Tertiary time, and upon this old surface of erosion, o1 


pproximate pene plain, the river gravels and lavas of the superjacent 


series were deposited During Cretaceous and a large portion of 
Tertiary time the San Joaquin Valley was under water Che sediments 
deposited at that time, which have been preserved in the Sonora 
juadrangle, consist of sandstone of Eocene age (Tejon formation), 


e, sandstone, clay and rhyolitic tuff of supposed upper Miocene age 
(lone formation), and coarse andesitic sandstones and conglomerates 
which are presumably ot Pliocene age The grave ls deposited by the 
rivers of this period are called the Auriferous river gravels. ‘These river 


} 


deposits have very largely disappeared through erosion, but are still pre- 


erved at some points underneath the lavas of late Tertiary. ‘The best 


preserved river channel is that underlying the Tuolumne Table Moun- 


tain west of Sonora Chis mountain owes its table character to a dark 


basaltic rock (/a##e) which flowed down the valley of the Neocene 
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luolumne river. The lowridges that formed the sides of this Neocene 
river valley have since that time been worn away by the erosive agencies, 
leaving the river channel with its hard basaltic capping standing above 
the surrounding country. At many points tunnels have been run in 
under the lava capping to penetrate the gravels beds, which have 
proved highly auriferous at some points. Rhyolite lavas which are so 
bundant in the Sierra Nevada to the north of the Sonora quadrangle 
have been found here only in small amount intercalated in the beds 
of the lone formation. Che andesitic tuffs and breccias, which, at one 
time, must have covered a large portion of the northern half of the 
quadrangle, have largely disappeared. ‘The Table Mountain basalt is 


evidently younger than a portion of the andesite, as it overlies andes- 


Economic geology. The Sonora quadrangle comprises a portion of 
the southern part of the mother lode gold district. ‘This remarkable 
linear system of gold quartz veins extends across the quadrangle ina 
northwest-southeast direction, and lies partly within the eastern belt 
of the slates of the Mariposa formation and partly to the east of this 
belt. Many of the mines are now being operated with good results. 


Profitable gold quartz veins are also found in the bedrock series, 


both to the east and west of the mother lode district. The mines in 
the granodiorite east of Sonora have been worked with varying success 
for many years The limestone of the Calaveras formation, which 


extends from Sonora to the southeast, has been largely metamorphosed 


into marble, much of which is valuable for building purposes. Chrome 
iron dé pos ts occur within the serpentine areas. The sandstones of 
the lone and Tejon formations, along the borders of the great valley, 
re valuable for building stone. The forest zone of the northeastern 


nishes valuable timber for the mines and 
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